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probability distribution values are determined. The pattern of the stock market behaviour is then decided based on 
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Abstract—Data mining has been applied in various areas because 

of its ability to rapidly analyze vast amounts of data. This study is 

to build the Graduates Employment Model using classification 

task in data mining, and to compare several of data-mining 

approaches such as Bayesian method and the Tree method. The 

Bayesian method includes 5 algorithms, including AODE, 

BayesNet, HNB, NaviveBayes, WAODE. The Tree method 

includes 5 algorithms, including BFTree, NBTree, REPTree, ID3, 

C4.5. The experiment uses a classification task in WEKA, and we 

compare the results of each algorithm, where several 

classification models were generated. To validate the generated 

model, the experiments were conducted using real data collected 

from graduate profile at the Maejo University in Thailand. The 

model is intended to be used for predicting whether a graduate 
was employed, unemployed, or in an undetermined situation. 

Keywords-Bayesian method; Classification model; Data 

mining; Tree method 

I.  INTRODUCTION 
Graduates employability remains as national issues due to 

the increasing number of Graduates produced by higher 
education institutions each year. According to the United 
Nations Educational Scientific and Cultural Organization 
report, enrollment in higher education more than doubled over 
the past two decades from 68 million in 1991 to 151 million in 
2008. At the same time, the financial crisis that began in 2008 
has resulted in increasing unemployment, as highlighted in 
International Labor Organization’s Global Employment Trends 
reports. The global unemployment rate was 6.2 percent in 2010 
compared to 5.6 percent in 2007. According to the 2012 report, 
young people continue to be the hardest hit by the job crisis 
with 74.8 million youth being unemployed in 2011, an increase 
of more than 4 million since 2007 [1]. 

With many economies being reported as not generating 
sufficient employment opportunities to absorb growth in the 
working-age population, a generation of young productive 
workers will face an uncertain future unless something is done 
to reverse this trend. To increase the graduates’ chances of 
obtaining decent jobs that match their education and training, 

universities need to equip their students with the necessary 
competencies to enter the labor market and to enhance their 
capacities to meet specific workplace demands [1]. 

As Thailand, there were 320,815 graduates in 2006 with 
bachelors’ degrees and above. This figure increased to 371,982 
in 2007, about 75.02 percent of graduates in 2006 (excluding 
those from open universities) were employed. About 18 percent 
of graduates were unemployed. The proportion of employed 
graduates dropped to 68.65 percent in 2008 and unemployment 
rose to 28.98 percent [2]. Hence, preparing young people to 
enter the labor market has therefore become a critical 
responsibility for universities [1]. 

According to data mining is a technology used to describe 
knowledge discovery and to search for significant relationships 
such as patterns, association and changes among variables in 
databases [3]. There are several of data mining techniques that 
can be used to extract relevant and interesting knowledge from 
large data. Data mining has several tasks such as classification 
and prediction, association rule mining and clustering. 
Moreover, classification is one of the most useful techniques in 
data mining to build classification models from an input data 
set.  The used classification techniques commonly build models 
that are used to predict future data trends. There are several 
algorithms for data classification which include decision tree 
and Naïve Bayes classifiers and so on [4]. 

Furthermore, decision tree is one of the most used 
techniques, due to it creates the decision tree from the data 
given using simple equations depending mainly on calculation 
of the gain ratio, which gives automatically some sort of 
weights to attributes used, and the researcher can implicitly 
recognize the most effective attributes on the predicted target. 
As a result of this technique, a decision tree would be built with 
classification rules generated from it [5], and another 
classification that is Naïve Bayes classifier. This classification 
is used to predict a target class. It depends on calculations of 
probabilities, namely Bayesian theorem. Because of this use, 
results from the classifier are more accurate and more 
efficiency as well as more sensitive to new data added to the 
dataset [5]. 

1 http://sites.google.com/site/ijcsis/ 
ISSN 1947-5500 
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Therefore, the aim of this research is to predicting of 
graduate employment has been employed, unemployed or 
others within the first twelve months after graduation, the raw 
data received from the Planning Division Office of Maejo 
University in Thailand. With experiment realized through a 
data classification that classifies a graduate profile as 
employed, unemployed or others. Subsequently, the main 
contribution of this research is the comparison of classification 
accuracy between two algorithms from commonly used data 
mining techniques in the education domain in Waikato 
Environment for Knowledge Analysis (WEKA) environment. 

II. LITERATURE REVIEW 
Several researches used data mining techniques for 

extracting rules and predicting certain behaviors in several 
areas. For example, researcher has defined the performance of 
a frontline employee, as his/her productivity comparing with 
his/her peers [6]. On the other hand, described the performance 
of university teachers included in his study, as the number of 
researches cited or published. In general, performance is 
usually measured by the units produced by the employee in 
his/her job within the given period of time [7]. 

Researchers like Chein and Chen [8] have worked on the 
improvement of employee selection, by building a model, 
using data mining techniques, to predict the performance of 
newly applicants. Depending on attributes selected from their 
curriculum vitae, job applications and interviews. Their 
performance could be predicted to be a base for decision 
makers to take their decisions about either employing these 
applicants or not. And they also used several attributes to 
predict the employee performance. They specified gender, age, 
experience, marital status, education, major subjects and school 
tires as potential factors that might affect the performance. 
Then they excluded age, gender and marital status, so that no 
discrimination would exist in the process of personal selection. 
As a result for their study, they found that employee 
performance is highly affected by education degree, the school 
tire, and the job experience. 

Moreover, researchers also are identified three major 
requirements concerned by the employers in hiring employees, 
which are basic academic skills, higher order thinking skills, 
and personal qualities. The work is restricted in the education 
domain specifically analyzing the effectiveness of a subject, 
English for Occupational Purposes in enhancing employability 
skills [9], [10]. Subsequently, Kahya [11] also searched on 
certain factors that affect the job performance. The researcher 
reviewed previous studies, describing the effect of experience, 
salary, education, working conditions and job satisfaction on 
the performance. As a result of the research, it has been found 
that several factors affected the employee’s performance. The 
position or grade of the employee in the company was of high 
positive effect on his/her performance. Working conditions and 
environment, on the other hand, had shown both positive and 
negative relationship on performance. Highly educated and 
qualified employees showed dissatisfaction of bad working 
conditions and thus affected their performance negatively. 
Employees of low qualifications, on the other hand, showed 
high performance in spite of the bad conditions. In addition, 

experience showed positive relationship in most cases, while 
education did not yield clear relationship with the performance. 

More recently, in Malaysia proposes a new Malaysian 
Engineering Employability Skills Framework, which is 
constructed based on requirement by accrediting bodies and 
professional bodies and existing research findings in 
employability skills as a guideline in training package and 
qualification of country. Nonetheless, not surprisingly, 
graduates employability is rarely being studied especially 
within the scope of data mining, mainly due to limited and 
authentic data source available [12]. 

Employability issues have also been taken into 
consideration in other countries. Research by the Higher 
Education Academy with the Council for Industry and Higher 
Education in United Kingdom concluded that there are six 
competencies that employers observe in individual who can 
transform the organizations and add values in their careers [13]. 
The six competencies are cognitive skills or brainpower, 
generic competencies, personal capabilities, technical ability, 
business or organization awareness and practical elements. 
Furthermore, it covers a set of achievements comprises skills, 
understandings and personal attributes that make graduates 
more likely to gain employment and successful in their chosen 
occupations which benefits the graduates, the community and 
also the economy. 

However, data mining techniques have indeed been 
employed in education domain, for instance in prediction and 
classification of student academic performance using Artificial 
Neural Network [14], [15] and a combination of clustering and 
decision tree classification techniques [14]. Experiments in [16] 
classifies students to predict their final grade using six common 
classifiers (Quadratic Bayesian classifier, 1-nearest neighbour 
(1-NN), k-nearest neighbor (k-NN), Parzen-window, multilayer 
perceptron (MLP), and Decision Tree). With regards to student 
performance, researchers have discovered individual student 
characteristics that are associated with their success according 
to grade point averages (GPA) by using a Microsoft Decision 
Trees classification technique [17]. In addition, Kumar and 
Chadha [18] have shown some applications of data mining in 
educational institution that extracts useful information from the 
huge data sets. Data mining through analytical tool offers user 
to view and use current information for decision making 
process such as organization of syllabus, predicting the 
registration of students in an educational program, predicting 
student performance, detecting cheating in online examination 
as well as identifying abnormal/erroneous values. 

Accordingly, the study showed a positive relationship 
between affiliation motivation and job performance in 
Malaysia. They have tested the influence of motivation on job 
performance for state government employees of country. As 
people with higher affiliation motivation and strong 
interpersonal relationships with colleagues and managers tend 
to perform much better in their jobs [19]. 

Tair and El-Halees [20] used data mining to improve 
graduate student’s performance, and overcome the problem of 
low grades of graduate students using association, 
classification, clustering and outlier detection rules. Similar to 
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the study of Bhardwaj and Pal [21] in which a data model was 
used to predict student’s performance with emphasis on 
identifying the difference of high learners and slow learners 
using byes classification.  

Decision tree as a classification algorithm has been utilized 
in [22] to predict the final grade of a student in a particular 
course. The same algorithm has been applied in Yadav, 
Bharadwaj, and Pal [23] on past student performance data to 
generate a model to predict student performance with 
highlights on identifying dropouts and students who need 
special attention and allow teachers to provide appropriate 
advising or counseling. Conversely, Pandey and Pal [24] have 
considered the qualities the teacher must possess in order to 
determine how to tackle the problems arising in teaching, key 
points to be remembered while teaching and the amount of 
knowledge of the teaching process. In the course of identifying 
significant recommendations, John Dewey’s principle of 
bipolar and Reybem’s tri-polar education systems have been 
used to establish a model to evaluate the teacher ship on the 
basis of student feedback using data mining. Consequently, 
While [25] also used classification technique to build models to 
predict new applicant’s performance, they used the same to 
forecast employee’s talents [26], [27], [28], [29]. 

Another technique called fuzzy has been applied in [30] 
build a practical model for improving the efficiency and 
effectiveness of human resource management while [31] has 
improved and employed it to evaluate the performance of 
employees of commercial banks.  

Generally, this paper is a preliminary attempt to use data 
mining concepts, particularly classification, to help supporting 
the human resources directors and decision makers by 
evaluating employees’ data to study the main attributes that 
may affect the employees’ performance. The paper applied the 
data mining concepts to develop a model for supporting the 
prediction of the employees’ performance. In section 2, a 
complete description of the study is presented, specifying the 
methodology, the results, discussion of the results. Among the 
related work, we found that work done by [11] is most related 
to this research, whereby the work mines historical data of 
students' academic results using different classifiers (Bayes, 
trees, function) to rank influencing factors that contribute in 
predicting student academic performance. 

III. METHODOLOGY 
The major objective of the proposed methodology is to 

build the classification model that classify a graduate profile as 
employed, unemployed or undetermined using data sourced 
from the Maejo University in Thailand for 3 academic years, 
which consists of 11,853 instances. To build the classifiers, we 
combines the Cross Industry Standard Process for Data Mining 
methodology [32] and Process of Knowledge Discovery in [33] 
in which data mining is a significant step. The iterative and 
sequence of steps are shown in figure 1.  It consists of five 
steps, which include Business understanding, data 
understanding, data preparation, modeling, evaluation and 
deployment along with the data discovery processes such as 
data cleaning, data integration, data selection, data 
transformation, data mining, evaluation and presentation. 

 

Figure 1.  Framework of KDD. 

A. Business Understanding or Data Classification 

Preliminaries 

There are two-step processes of data classification. First 
step is training data, which called the learning step; a model 
that describes a predetermined set of classes or concepts is built 
by analyzing a set of training database instances. Each instance 
is assumed to belong to a predefined class. The second step is 
testing data; the model is tested using a different data set that is 
used to estimate the classification accuracy of the model. If the 
accuracy of the model is considered acceptable, the model can 
be used to classify future data instances for which the class 
label is not known. Finally, the model acts as a classifier in the 
decision making process. There are several techniques that can 
be used for classification such as decision tree, Bayesian 
methods and so on. 

Decision tree classifiers are quite popular techniques 
because the construction of tree does not require any domain 
expert knowledge or parameter setting, and is appropriate for 
exploratory knowledge discovery. Decision tree can produce a 
model with rules that are human-readable and interpretable. 
Decision Tree has the advantages of easy interpretation and 
understanding for decision makers to compare with their 
domain knowledge for validation and justify their decision. 
Some of decision tree classifiers are C4.5/C5.0/J4.8, NBTree, 
and others [4]. 

The C4.5 technique is one of the decision tree families that 
can produce both decision tree and rule-sets; and construct a 
tree for the purpose of improving prediction accuracy. The 
C4.5/C5.0/J48 classifier is among the most popular and 
powerful decision tree classifiers. C4.5 creates an initial tree 
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using the divide-and-conquer algorithm. The full description of 
the algorithm can be found in any data mining or machine 
learning books such as Han and Kamber [33]. 

Furthermore, the WEKA was used for data mining. WEKA 
was developed at the University of Waikato in New Zealand 
[34]. It contains a large collection of state-of-the-art machine 
learning and data mining algorithms written in Java. WEKA is 
approved widely and is one of most complete tools in data 
mining. As a public data mining platform, WEKA gathers 
many machine learning algorithms to mine data, including data 
pretreatment, classification, regression, cluster class, 
association rule mining and visualization on new interface. 
WEKA has become very popular with academic and industrial 
researchers, and is also widely used for teaching purposes. 
WEKA toolkit package has its own version known as J48. J48 
is an optimized implementation of C4.5. 

B. Data Understanding 

In order to classify a graduate profile as employed, 
unemployed or undetermined using data sourced from the 
Maejo University in Thailand for 1 academic years, the total 
are 5,361 instances in 2011. Table 1 shows the complete 
attributes for Graduate profile data source.  

C. Data-Preprocessing 

The raw data received from the Planning Division Office, 
Maejo University at Chiang Mai Province in Northern 
Thailand, which required the Data Pre-processing to prepare 
the dataset for the classification task. First, the data source has 
been transferred to Excel sheets and replaced them with the 
mean values of the attribute. Then, cleaning data involves 
eliminating data with missing values in critical attributes, 
correcting inconsistent data, identifying outliers, as well as 
removing duplicate data. For example, some attributes like 
GPA, have been entered in continuous values. Data source 
from the total of 5,361 instances in the raw data, the data 
cleaning process ended up 3,530 instances that are ready to be 
mined. These files are prepared and converted to (.csv) format 
to be compatible with the WEKA data mining is used in 
building the model. 

D. Modeling 

The section of modeling and experiments, the classification 
models have been built to predict the employment status 
(employed, unemployed, others) for graduate profiles. Using 
the decision tree technique, in this technique, the gain ratio 
measure is used to indicate the weight of effective of each 
attribute on the tested class, and accordingly the ordering of 
tree nodes is specified. The results are discussed in the 
following sections. 

TABLE I.  THE ATTRIBUTES OF THE GRADUATES EMPLOYMENT DATA AFTER THE PRE-PROCESSING 

No. Attributes Values Descriptions 

1 Prefix {Male, Female, Dr., Associate Prof. Dr,..} Prefix of graduate 

2 Gender { Male, Female}   Gender of the graduate (Male, Female) 

3 Province {Bangkok, Suratthani…} Province of graduate  

4 Degree {Bachelor, Ph.D., Master}  Degree of graduate 

5 Educational background {B.Sc, B.L.A, M.A., M.B.A.}  Graduate background 

6 Faculty {Science, Agricultural Production, Economics,…}  Faculty of graduate 

7 program {Computer science, Information technology,} Program of graduate 

8 GPA {Interval value} GPA for current qualification  

9 WorkProvince {Bangkok, Suratthani…}  Province of Student’s work 

10 Status {Employed, UnemployedandNotStudy,Study, …} Work status of  graduate 

11 Talent {Computer, Art, Food physical, …} Talent of graduate 

12 Position {Chef, Trad, boss,...} Position of graduate 

13 Satisfaction { Pleased, Lack_of_consistence,Other,..} Satisfaction of graduate with work 

14 PeriodTimeFindwork {FourToSix, OneToThree, SevenToNine,..} Time of find work  

15 WorkDirectGraduate {Direct,NotDirect,NoIdentify} Matching of Graduate education with graduate work 

16 ApplyKnowlageWithWork {Moderate, NoIdentify, Much,…} Knowledge of graduate can apply with work  

17 ResonNotWork {Soldier, Business, NotFindWork…} The Reason that  don’t have work of graduate 

18 ProblemOfWork {Lack_Of_support, NoProblem…} The problem of work 

19 RequirementsOfStudy {NoNeed, Need} Requirements of graduate to continue to study 

20 LevelOfStudyRequired {Master, Graduate_Diploma, NoIdentify,…} Level Required to study of Graduate 

21 InstitutionNeed {Private, Aboard, Government…} Institution Requirement to study of  graduate 
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The classification model is performed in two steps, which 
include training and testing. Once the classifier is 
constructed, testing dataset is used to estimate the predictive 
accuracy of the classifier. Then the WEKA have 4 types of 
testing option, which are using the training set, supplied test 
set, cross validation and percentage split. If we use training 
set as the test option, the test data will be sourced from the 
same training data, hence this will decrease reliable estimate 
of the true error rate. In the part of Supplied test set permit us 
to set the test data which been prepared separately from the 
training data. Cross-validation is suitable for limited dataset 
whereby the number of fold can be determined by user. 10-
fold cross validation is widely used to get the best estimate of 
error. It has been proven by extensive test on numerous 
datasets with different learning techniques.  

IV. RESULTS AND DISCUSSION 
Ten classification techniques Method have been applied 

the dataset to build the classification model. The techniques 
are: The decision tree with 5 versions, BFTree, NBTree, 
REPTree, ID3, C4.5 (J4.8 in WEKA), and Naïve Bayes 
classifier with 5 version such as the Averaged One-
Dependence Estimators (AODE), BayesNet, HNB, 
NaviveBayes, the Weightily Averaged One-Dependence 
Estimators (WAODE).  

In table 2 shows the Classification accuracy using various 
algorithms under Tree method in WEKA. In addition, the 
table provides comparative results for the kappa statistics, 
mean absolute error, root mean squared error, relative 
absolute error, and root relative squared error from the total 

of 1,059 testing instances. Subsequently, result of the J48 
algorithm achieved the highest accuracy percentage as 
compared to other algorithms. The second accuracy is 
REPTree algorithm, BFTree, NBTree, ID3 Respectivel.  

Furthermore, figure 2 also shows an example of tree 
structures of J48 algorithms. Graf adds nodes to the decision 
trees to increase predictive accuracy. Accordingly, table 3 
shows the classification accuracies for various algorithms 
under Bayes method. The table provides comparative results 
for the kappa statistics mean absolute error, root mean 
squared error, relative absolute error, and root relative 
squared error from the total of 1,059 testing instances. Also, 
table 3 presents the WAODE algorithm achieved the highest 
accuracy percentage as compared to other algorithms. 
Despite treating each tree augmented naive Bayes equally, 
have extended the AODE by assigning weight for each tree 
augmented naive Bayes differently as the facts that each 
attributes do not play the same role in classification. 

In addition, a performance comparison of the Bayesian 
and Tree methods shows that the WAODE algorithm 
achieved the highest accuracy of 99.77% using the graduate 
data set. The second highest accuracy was achieved using a 
tree method, the J48 algorithm, with an accuracy of 98.31%.  
Using the Bayes method, the AODE algorithm, was third, 
with a prediction accuracy of 98.30%. We found that both 
classification approaches were complementary because the 
Bayesian methods provide a better view of association or 
dependencies among attributes, whereas the results of the 
tree method are easier to interpret. 

 

TABLE II.  THE CLASSIFICATION ACCURACY USING VARIOUS ALGORITHMS UNDER TREE METHOD IN WEKA 

Algorithm 

 

Accuracy 

(%) 

 

Error Rate 

(%) 

 

Kappa 

Statistics 

Mean 

Absolute 

Error 

Root Mean 

Squared 

Error 

Relative 

Absolute 

Error (%) 

Root Relative Squared 

Error (%) 

ID3 90.20 9.3229 0.9408 0.0126 0.112  6.37 35.56 
J48 98.31 1.69 0.9586 0.0166 0.0912 7.886 28.0945 
BFTree 98.24 1.76 0.9572 0.0165 0.0928 7.8327 28.5893 
NBTree 98.07 1.93 0.953 0.01 0.0942 4.7667 29.0166 
REPTree 98.27 1.73 0.9578 0.0169 0.0919 8.0104 28.3152 

 

TABLE III.  THE CLASSIFICATION ACCURACY USING VARIOUS ALGORITHMS UNDER BAYES METHOD IN WEKA 

Algorithm 

 

Accuracy (%) 

 

Error Rate 

(%) 

 

Kappa 

Statistics 

 

Mean 

Absolute 

Error 

Root Mean 

Squared 

Error 

Relative 

Absolute 

Error (%) 

Root Relative Squared 

Error (%) 

AODE 98.30 1.70 0.9586 0.0096 0.0909 4.5744 28.0238 
BayesNet 98.02 1.98 0.9525 0.0124 0.0911 5.8937 28.0643 
HNB 97.25 2.75 0.9331 0.0158 0.1097 0.1097 33.8206 
NaviveBayes 97.96 2.04 0.9509 0.0118 0.0937 5.607 28.8735 
WAODE 99.77 0.23 0.9946 0.0028 0.0324 1.3306 9.9742 
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Figure 2.  The tree structure for J48 algorithms. 

Figure 3 shows the mapping of the root mean squared 
error values resulting from the classification experiment. 
This knowledge can be used to gain insights into the 
employment trend of graduates from local institutions of 
higher learning. A radial display of the root mean squared 
error across all algorithms under both Bayesian and tree-
based methods reveals the accuracy of these approaches. A 
smaller mean squared error results in a better forecast. Based 
on this figure, Bayesian methods produced a better forecast 
than the corresponding tree methods. 

 

Figure 3.  Mapping of the root mean squared error values of Bayesian and 
Tree methods. 

V. CONCLUSIONS AND FUTURE WORK 
As graduates remains increase number of graduates 

produced by higher education institutions each year, 
graduates are facing more competition to ensure their 
employment in the job market. The purpose of the study is to 
assist higher-education institutions in equipping their 
graduates with sufficient skills to enter the job market. This 
study attempts to identify the attributes that influence 
graduate employment based on actual data obtained from the 
graduates themselves 12 months after graduation. 

This study attempts to predict whether a graduate has 
been employed, remains unemployed, or is in an 
undetermined situation after graduation. We performed this 
prediction based on a series of classification experiments 
using various algorithms under Bayesian and decision 
methods to classify a graduate profile as employed, 
unemployed, or other. Results show that the WAODE 
algorithm, a variant of the Bayse algorithm, achieved the 
highest accuracy of 99.77%. The average accuracy of other 
Tree algorithms was 98.31%. 

 In future research, we hope to expand the data set 
from the tracer study to include more attributes and to 
annotate the attributes with information such as the 
correlation factor between current and previous employers. 
We are also looking at integrating data sets from different 
sources of data, such as graduate profiles from the alumni 
organizations of various educational institutions. We plan to 
introduce clustering in the preprocessing phase to cluster the 
attributes before attribute ranking. Finally, we may adopt 
other data-mining techniques, such as anomaly detection or 
classification-based association, to gain more knowledge of 
the graduate employability in Thailand. We also plan to use a 
data set from the National Pingtung University of Science 
and Technology in Taiwan and compare the results with the 
data set from Thailand. 
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Abstract 

This paper presents the statistical test of randomness on the 

Blowfish Block Cipher 128-bit is continuation with our eaelier 

papers title" Randomness Analysis on  Blowfish Block Cipher 

using ECB mode" and "Randomness Analysis on Blowfish 

Block Cipher using ECB and CBC Modes", . Blowfish128-bit is 

extention of blowfish 64-bit. Blowfish 128-bit resemble blowfish 

64-bit but only in blowfish algorithm block size is 64 bits but in 

an extension version block size is 128 bits and all operations 

based on 64 bits instead of on 32 bits. Blowfish 128-bit is a 

symmetric block cipher with  variable key lengths from 64 bits up 

to a maximum of 896 bits this leads to increase security of the 

algorithm. The randomness testing was performed using NIST 

Statistical Test Suite. The tests were performed on Blowfish 128-

bit with ECB mode.Our analysis showed that Blowfish 128-bit 

algorithm with ECB mode such as blowfish 64-bit where is not 

inappropriate with text and images files that contain huge 

number of identical bytes and better than blowfish 64-bit with 

video files. c++ is used in the implementation of the blowfish 128-

bit while NIST is implemented under Linux operating system. 

 Keywords: Block Cipher, Blowfish Algorithm 128-bit, ECB 

mode, randomness testing. 

1. INTRODUCTION  

Blowfish algorithm was designed by Schneier at the 
Cambridge Security Workshop in December 1993 to replace 
the Data Encryption Standard (DES). It has been widely 
analyzed and gradually accepted as a good and powerful 
encryption algorithm offering several advantages, among 
them its suitability and efficiency for implementing 
hardware. It is also unpatented and therefore does not require 
any license. The elementary operators of Blowfish algorithm 
comprise table lookup, addition and XOR with the table 
being made up of four S-boxes and a P-array. Based on 
Feistel rounds, Blowfish algorithm is a cipher with the F-
function design being a simplified version of   the principles  

 

employed in DES to provide similar security, faster speed 
and higher efficiency in software.  

The effective cryptanalysis has not been present because 
its good encryption rate in software [1-3],[8]. Even though it 
is not as well-known as Advance Encryption Standard 
(AES), the  uniqueness of Blowfish algorithm and the 
efficiency of its algorithm have led to its growing popularity 
in the open source community   [4]. 

Meanwhile, ALabaichi, Mahmood, Ahmad in [17], and 
ALabaichi, Mahmood, Ahmad and Mechee in [18] 
uncovered issue with Blowfish. The issue lies in its 
compatibility with image and text files that involve large 
strings of identical bytes, in Particular, the problems related 
into randomness of the output with encrypted text and image 
files.  

 Nechvatal et al. in [15] stated that 128-bit input is a 
minimum requirement for block size. The information that 
needs to be secure for only minutes, hours, or perhaps weeks, 
a 64-bit symmetric key will suffice. For data that needs to be 
secure for years, or decades, a 128-bit key should be used. 
For data that needs to remain secure for the foreseeable 
future, one may want to go with as much as a 160-bit key [2].  
Strength of Symmetric key encryption depends on the size of 
key used. For the same algorithm, encryption using longer 
key is harder to break than the one done using shorter key 
[16]. 

In this paper we tried to strength the security of Blowfish 
algorithm 64-bit by increase both block size and key length; 
Blowfish 128-bit increased the security of the original 
Blowfish 64-bit algorithm by increase key space up to 112 
bytes instead of 56 bytes that leads to increase complexity of 
brute force attack as well as increase the block size to 128-
bit. 

The block cipher requires the generated cipher text to be 
distributed uniformly when dissimilar plaintext blocks are 
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used during encryption. By statistically analyzing the block 
cipher it can be determined if the tested algorithm meets this 
requirement. A non-random block cipher can be susceptible 
to attacks of many types [5]. 

The test suite [6] from NIST was selected for testing 
Blowfish 128-bit generated sequences. These statistical tests 
are consistent for estimating the generators of random and 
pseudo-random numbers that utilized in cryptographic 
applications. This attempt is considered an initial analysis of 
blowfish 128-bit, as no researcher has performed statistical 
tests on Blowfish 128-bit with ECB mode yet. 

The five sections in this paper include the following: 
Section 2 describes the Blowfish 64-bit, Blowfish 128-bit 
and ECB mode; Section 3 categorizes and explains each 
Blowfish 128-bit Data type for statistical test; Section 4 
provides the results of the experiment and empirical analysis 
of the randomness testing on Blowfish 128-bit with ECB 
mode, while Section 5 provides the conclusion and 
recommendations for future work.  

2. THE BLOWFISH BLOCK CIPHER 

 
Blowfish 64 is a symmetric block cipher that uses Feistel 

network, iterating simple encryption and decryption 
functions of 16 times. Each Feistel structure offers various 
advantages, particularly in hardware. In the decryption 
process of the cipher text, the only requirement is to reverse 
the key schedule. The BA can be divided into key expansion 
and data encryption ([4];[8-9] The key Expansion of BA 
begins with the P-array and S-boxes with the utilization of 
many sub-keys, which requires precompution before data 
encryption or decryption. The P-array comprises eighteen 
32-bit sub-keys: P1, P2… P18.  

   In this section a maximum key of 448 bits are 
converted into several sub-key arrays of up to a total of 4168 
bytes. 

 

There are 256 entries for each of the four 32-bit S-boxes:  

S1,0, S1,1,..., S1,255 

S2,0, S2,1,..., S2,255 

S3,0, S3,1,..., S3,255 

S4,0, S4,1,..., S4,255   

   

How these subkeys are calculated is explained below:   

 

1. the P-array is initialized followed by the four S-boxes, 
with a fixed string, which has the hexadecimal digits of pi. 

2. XOR P1 with the key’s first 32 bits, XOR P2 with its 
second 32 bits, and so on, until the key’s bits are up to P14. 
The cycle is iterated through the key bits until the entire P-
array has been XOR-ed with key bits. 

3. The Blowfish algorithm is then used to encrypt the all-zero 
string, employing the described subkeys in steps 1 and 2. 

4. P1 and P2 are replaced with the step 3 output. 

5. Encrypt the step 3 output with the Blowfish algorithm 
using the modified subkeys.  

Replace P3 and P4 with the output of step 5.  

The process is continued, and all elements of the P-array 
are replaced, followed by all four S- Boxes, with the output 
continuously changing. 

Data encryption commences with a 64-bit block element 
of plaintext morphing into a 64-bit ciphertext. First the 64-bit 
segment is split into two equal segments that form the base 
of the BA. The next step is the implementation of the 
exclusive-or-operation (XOR) that is carried out between the 
first segment of the 32-bit block (L) and the first P-array. 
The 32-bit data obtained from step 2 is moved to the F 
function which permutes the data into a 32-bit block 
segment, which is XOR'ed with the second segment of the 
32-bit block (R) of the 64-bit plaintext split. Upon 
completion of the XOR operation, the 32-bit segments, L and 
R are exchanged for future iterations of the BA. Figure1 
illustrates the architecture of the Blowfish algorithm with 16 
rounds. The input is an element of 64-bit data, X, which is 
divided into two 32-bit halves: XL and XR.  Data Decryption 
is similar to Encryption data, but P1, P2... P18 are used in the 
reverse order.  

                                 

 
Figure 1.  Blowfish Architecture 

The F-Function of BA is probably the most complex part 
of the algorithm, as it is the only part that utilizes the S-
boxes. It accepts a 32-bit stream of data and splits the data 
into four equal parts. Each 8-bit subdivision is changed into a 
32-bit data stream using the corresponding of each 
subdivision S-box. The 32-bit data that is obtained is XOR'ed 
or combined to give a final 32-bit value for permutations of 
the BA (note that all the additions are modulo 2

32
). Figure 2 

Describes the architecture of the F function [4],10-12]. 
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Figure 2.  F-function Architecture 

Blowfish 128-bit as the same outer structure of blowfish 
64-bit is a Feistel network, iterating simple encryption and 
decryption functions of 16 times. Each operation in blowfish 
128-bit  was 64-bit instead 32-bit. In blowfish 128-bit the 
block size is 128 bits with variable key up to 112 bytes 
instead of 56 bytes. In expansion part the maximum key is 
896 bits converted to the several subkey arrays up to a total 
of 8336 bytes instead of 4168 bytes. 

 

There are 65536 entries for each of the four 64-bit S-boxes:  

S1,0, S1,1,..., S1, 65535 

S2,0, S2,1,..., S2, 65535 

S3,0, S3,1,..., S3, 65535 

S4,0, S4,1,..., S4, 65535   

 
The Electronic Codebook (ECB) mode is a 

confidentiality mode. In this mode data is divided into blocks 
and each block is encrypted one at a time. Separate 
encryptions with different blocks are totally independent of 
each other. This means that if data is transmitted over a 
network or phone line, transmission errors will only affect 
the block containing the error. ECB is the weakest of the 
various modes because no additional security measures are 
implemented besides the basic algorithm. However, ECB is 
the fastest and easiest to implement [3]. 

 

The definition of the Electronic Codebook (ECB) mode is:  

ECB Encryption:             

                   Cj=CIPH K (Pj)                                                                         

ECB Decryption:  

                   Pj=CIPH
-1

K (Cj) ,      for   j= 1… n. 

 
In ECB encryption, the forward cipher function is applied 

directly and independently to each block of the plaintext. The 
resulting sequence of output blocks is the ciphertext. While 
in ECB decryption, the inverse cipher function is applied 
directly and independently to each block of the ciphertext. 
The resulting sequence of output blocks is the plaintext. The 
ECB mode is illustrated in Figure 3[14]. 

 
                      

 
Figure3.  the ECB mode 

3.BLOWFISH 128 –BITS DATA TYPES 

Testing the randomness on the Blowfish 128-bit was 
done by applying the NIST Statistical Suite [6]. All such 
testing consisting of 15 core statistical tests can be viewed as 
188 statistical tests under different parameter inputs. Table 1 
shows the Breakdown of the 188 statistics tests used in the 
experiments. In this section, we provide six Categories of 
Data such as, Random Plaintext/Random 128-Bit Keys, Low 
Density, High Density which are used to test the Advanced 
Encryption Standard (AES) candidate algorithms [7], Image, 
Text and Video files.  

TABLE 1: BREAKDOWN OF THE 188 STATISTICAL TESTS APPLIED DURING 

EXPERIMENTATION 
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3.1 Random Plaintext/Random 128-Bit Keys 

The basis of this experiment is the data produced by the 
Blum-Blum-Shub (BBS) pseudo-random bit generator as it 
has been demonstrated to be a secure cryptographic pseudo-
random bit generator and similar to the data type employed 
in testing Advanced Encryption Standard Finalist Candidates 
[7]. One hundred and twenty-eight sequences were 
constructed for the examination of the randomness of 
ciphertext (based on random plaintext and random 128-bit 
keys). Each sequence was due to the concatenation of 8128 
ciphertext blocks of 128 bits (1040384 bits) using 8128 
random plaintexts blocks of 128 bits and a random 128-bit 
key in ECB mode. BBS is implemented by using Java 
language (NetBeans IDE 7.2). 

3.2 High-Density Plaintext 

This experiment was base on data sets of 128 high 
density sequences. Each sequence consisted of 8257 
ciphertext blocks, used different random 256-bit key per 
sequence. The first ciphertext block was calculated using an 
all ones plaintext block. Ciphertext blocks 2-129 were 
calculated using plaintext blocks consisting of a single zero 
and 127 ones, the zero appearing in each of the 128 bits 
positions of the plaintext block. Ciphertext blocks 130-8257 
were calculated using plaintext blocks consisting of two 
zeros and 126 ones, the zeros appearing in each combination 
of two bit positions of the plaintext block [13]. 

3.3 Low-Density Plaintext 

This experiment was base on data sets of 128 low density 
sequences. Each sequence consisted of 8257 ciphertext 
blocks.  Used distinct a random 256-bit key per sequence. 
The first ciphertext block was calculated using an all zero 
plaintext block. Ciphertext blocks 2-129 were calculated 
using plaintext blocks consisting of a single one and 127 
zeros, the one appearing in each of the 128 bits positions of 
the plaintext block. Ciphertext blocks 130-8257 were 
calculated using plaintext blocks consisting of two ones and 
126 zeros, the ones appearing in each combination of two bit 
positions of the plaintext block [13]. 

3.4 Image Files 

This experiment was based on data set of 128 sequences 
of image files in different formats. Each sequence was a 
result of the concatenation of 12290 (1573120 bits) 

ciphertext blocks of 128-bit using 12290 plaintexts blocks of 
128-bit and a random 256-bit key in ECB mode. 

3.5 Text Files 

This experiment was based on a data set of 128 text files. 
Each file consisted of a sequence as a result of the 
concatenation of 8128 (1040384 bits) ciphertext block of 
128-bit using 16256 plaintexts blocks of 128 bits and a 
random 256-bit key in ECB mode. 

3.6 Video files 

This experiment was based on a data set of 128 video 
files. Each file consisting of a sequence was a result of the 
concatenation of 8128 (1040384 bits) ciphertext block of 
128-bit using 16256 plaintexts blocks of 64-bit and a random 
256-bit key in ECB. 

4. EXPERIMENTAL RESULTS 

Testing the randomness on the Blowfish 128-bit was 
done on the six types of data mentioned in the previous 
section in both partially and full round considerations.  

4.1. Full Round Testing (FRT) 

When testing in full round with Blowfish128-bit, all six 
data types were generated, meaning that the data derived had 
to complete 16 for all types of data. 

4.2 Partial Round Testing (PRT) 

Soto and Bassham in [13] tested Twofish rounds in pairs. 
Twofish being a Feistel network, some of the data bits were 
left unaltered after each round and Twofish does not seem to 
be random under the test conditions. Nevertheless, after two 
rounds, there were effects on all data bits. Twofish rounds 
were measured in pairs, meaning, the rounds with even 
numbers from 2 to 14. Thus, in Partial Round Testing on 
Blowfish 128-bit, all six data types were generated using the 
Partial round of Blowfish128-bit in pairs from 2 to 14. 

In the following we discuss the output of implementation 

Random Test for the six types of data on Blowfish 128-bit 

with ECB mode in PRT and FRT respectively. 

 
1-Random Plaintext/Random 128-Bit Keys 

We illustrated the results of PRT and FRT of Blowfish 
128-bit on this type of data with ECB mode in Fig 4. The 
dashed line in all Figures at 96.09% indicates the smallest 
proportion satisfying the 0.01 criterion of acceptance, while 
the solid line at 99% indicates the proportion expected. 

 

 

 

 

 

 

Statistical Test  No. of P-values Test ID 

Frequency 1     1 

Block Frequency 1     2 
Cumulative Sum 2     3-4 

Runs 1     5 

Longest Run 1     6 
Rank 1     7 

FFT 1     8 

Non Overlapping Template 148     9-156 
Overlapping Template 1     157 

Universal 1     158 

Approximate Entropy 1     159 
Random Excursions 8     160-167 

Random Excursions Variant 18     168-185 

Serial 2     186-187 
Linear Complexity 1     188 
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Figure 4 (a-h). Results of random plaintext/random 128-bit 

keys for (a) Second round with EBC mode, (b) Fourth round 

with EBC mode, (c) Sixth round with EBC mode, (d) Eighth 

round with EBC mode, (e)Tenth round with EBC mode, (f) 

Twelfth round with EBC mode, (g) Fourteenth round with 

EBC mode, (h) Sixteenth round with EBC mode. 

It is evident that the output from the blowfish 128-bit on this 

type of data was random for all rounds because the most of 

the 188 statistical tests were above 96% algorithms.  

 

2-High-density plaintext 

 

We illustrated the results of PRT and FRT of Blowfish 128–

bit on this type of data with ECB mode in Figure 5 

respectively.   
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Figure 5 (a-h). Results of high density plaintext for (a) Second round with 

EBC mode, (b) Fourth round with EBC mode, (c) Sixth round with EBC 

mode, (d) Eighth round with EBC mode, (e)Tenth round with EBC mode, 
(f) Twelfth round with EBC mode, (g) Fourteenth round with EBC mode, 

(h) Sixteenth round with EBC mode. 

 

It is evident that the output from the Blowfish 128-bit still 

non-random by the end of the second round (the first round 

pair) because the majority of the 188 statistical tests were 

below 96%, it was random by the end of the fourth round 

(second pair round) because the majority of the 188 

statistical tests were above 96%. Subsequent rounds 

produced similar statistics. 

 

3-Low-Density Plaintext 

 

We illustrated the results of PRT and FRT of Blowfish 128–

bit on this type of data with ECB mode in Figure 6 

respectively.   
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Figure 6 (a-h): Results of low density plaintext for (a) Second round with 
EBC mode, (B) Fourth round with EBC mode, (c) Sixth round with EBC 

mode, (d) Eighth round with EBC mode, (e)Tenth round with EBC mode, 

(f) Twelfth round with EBC mode, (g) Fourteenth round with EBC mode, 
(h) Sixteenth round with EBC mode. 

 

It is evident that the output from blowfish 128-bit still non -

random at the end of the second round (the first round pair) 

because the majority of the 188 statistical tests were below 

96%, it was random by the end of the fourth round (second 

pair round) because the majority of the 188 statistical tests 

were above 96%. Subsequent rounds produced similar 

statistics. 

 

4-Image files  

 

We illustrated the results of PRT and FRT of Blowfish 128–

bit on this type of data with ECB mode in Figure 7 

respectively.   
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Figure 7 (a-h): Results of image files for (a) second round with EBC mode, 

(b) Fourth round with EBC mode, (c) Sixth round with EBC mode, (d) 

Eighth round with EBC mode, (e)Tenth round with EBC mode, (f) Twelfth 
round with EBC mode, (g) Fourteenth round with EBC mode, (h) Sixteenth 

round with EBC mode. 

 

It is evident that the output from the blowfish 128-bit was 

non- random for all rounds because the most of the 188 

statistical tests were below 96 %. 

 

5-Text Files 

 

We illustrated the results of PRT and FRT of Blowfish 128–

bit on this type of data with ECB mode in Figure 8 

respectively.   

 

 

 

 

 

 

 

 

 

17 http://sites.google.com/site/ijcsis/ 
ISSN 1947-5500 



(IJCSIS) International Journal of Computer Science and Information Security,  

Vol. 11, No. 10, October 2013 

 

 

(a) 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1 18 35 52 69 86 103 120 137 154 171 188

Ra
ng

e o
f A

cc
ep

tan
ce

 Se
qu

en
ce

s

Statistical Test

Extend Blowfish 128 Round 2 (Text)

 
 

(b) 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1 18 35 52 69 86 103 120 137 154 171 188

Ra
ng

e o
f A

cce
pt

an
ce

 Se
qu

en
ce

s

Statistical Test

Extend Blowfish 128 Round 4 (Text)

 
 

(c) 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1 18 35 52 69 86 103 120 137 154 171 188

Ra
ng

e o
f A

cc
ep

ta
nc

e S
eq

ue
nc

es

Statistical Test

Extend Blowfish 128 Round 6  (Text)

 
 

 

 

 

(d) 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1 18 35 52 69 86 103 120 137 154 171 188

Ra
ng

e o
f A

cc
ep

ta
nc

e S
eq

ue
nc

es

Statistical Test

Extend Blowfish 128 Round 8 (Text)

 
 

(e) 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1 18 35 52 69 86 103 120 137 154 171 188

Ra
ng

e o
f A

cc
ep

ta
nc

e S
eq

ue
nc

es

Statistical Test

Extend Blowfish 128 Round 10  (Text)

 
 

(f) 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1 18 35 52 69 86 103 120 137 154 171 188

Ra
ng

e o
f A

cc
ep

ta
nc

e S
eq

ue
nc

es

Statistical Test

Extend Blowfish 128 Round 12  (Text)

 
 

 

 

18 http://sites.google.com/site/ijcsis/ 
ISSN 1947-5500 



(IJCSIS) International Journal of Computer Science and Information Security,  

Vol. 11, No. 10, October 2013 

 

 

(g) 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1 18 35 52 69 86 103 120 137 154 171 188

Ra
ng

e o
f A

cce
pt

an
ce

 Se
qu

en
ce

s

Statistical Test

Extend Blowfish 128 Round 14 (Text)

 
 

(h) 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1 18 35 52 69 86 103 120 137 154 171 188

Ra
ng

e o
f A

cc
ep

ta
nc

e S
eq

ue
nc

es

Statistical Test

Extend Blowfish 128 Round 16 (Text)

 
Figure 8 (a-h). Results of text files for (a) Second round with EBC mode, 
(b) Fourth round with EBC mode, (c) Sixth round with EBC mode, (d) 

Eighth round with EBC mode, (e)Tenth round with EBC mode, (f) Twelfth 

round with EBC mode, (g) Fourteenth round with EBC mode, (h) Sixteenth 
round with EBC mode. 

 

It is evident that the output from the blowfish algorithm 

128-bit was non- random for all rounds because the most of 

the 188 statistical tests were below 96 %. 

 

6-video Files 

 

We illustrated the results of PRT and FRT of Blowfish 128–

bit on this type of data with ECB mode in Figure 9 

respectively.   
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Figure 9 (a-h). Results of video files for (a) second round with EBC mode, 

(b) Fourth round with EBC mode, (c) Sixth round with EBC mode, (d) 
Eighth round with EBC mode, (e)Tenth round with EBC mode, (f) Twelfth 

round with EBC mode, (g) Fourteenth round with EBC mode, (h) Sixteenth 

round with EBC mode. 

 

It is evident that the output from the blowfish 128-bit still 

non-random at the end of the first round because the 

majority of the 188 statistical tests were below 96%. It is 

random at the end of the second round because the most of 

the 188 statistical tests were below 96%. Subsequent rounds 

produced statistics similar.   

 

 
5. Conclusion and Future Work 

 
From the results, we can say the randomness of Blowfish 

algorithm 128-bit is better than blowfish 64-bit. Both 
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algorithms with ECB mode were not suitable with image 

and text files with large strings of identical bytes. But 

Blowfish 128-bit was better than Blowfish 64-bit with video 

files. Blowfish 128-bit is more secure against attacks than 

Blowfish 64-bit because key space and block size became 

double in Blowfish 128-bit that leads to increase complexity 

of brute attacks. Although this advantage it has distinct 

disadvantage that related with it need to the large memory. 

This finding in this paper can be considered the benchmark 

for starting point to investigate the effectiveness of the 

security of Blowfish 128-bit by enhancing its randomness as 

well as enhancing  its performance by reduce memory 

requirement. Hence, in the future work we will focus on 

reduce memory requirements of blowfish 128-bit without 

compromising in security. 
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Abstract— Vehicular ad hoc networks are networks in which no 
simultaneous end-to-end path exists. Typically, message delivery 
experiences long delays as a result of the disconnected nature of 
the network. In this form of network, our main goal is to deliver 
the messages to the destination with minimum delay. We propose 
relay assisted epidemic routing scheme in which  we tend to use 
relay nodes (stationary nodes) at an intersection with a 
completely different number of mobile nodes which differs from 
existing routing protocols on how routing decision are made at 
road intersection where relay nodes are deployed. Vehicles keep 
moving and relay nodes are static. The purpose of deploy relay 
nodes is to increase the contact opportunities, reduce the delays 
and enhance the delivery rate. With various simulations it has 
been shown that relay nodes improves the message delivery 
probability rate and decreases the average delay.  

Keywords-VANETs, Routing Protocols, Relay Nodes. 

I. INTRODUCTION 
In Vehicular ad-hoc network (VANET), that is additionally 

known as SOTS (Self-organizing Traffic info System), may be 
a high-speed mobile outdoor communication network [1]. The 
essential idea of VANET is that vehicles within a particular 
communication range can exchange their information of 
speed, location and different knowledge obtained via GPS and 
sensors, and establish a mobile network automatically [2]. In 
this network every node acts as both a transceiver and a router, 
therefore multi-hop approaches are used to forward knowledge 
to further vehicle [3]. Compared with a traditional multihop, 
self-organizing networks without central nodes, there are 
many special features of VANET, together with e.g. short path 
life, the robust ability of computing and big storage, high-
speed mobile nodes that lead to a fast modification of network 
topology, the flexibility of nodes to get power energy through 
vehicle engine. Additionally, nodes move in a very regular 
pattern, principally in single-way or two-way lane, with the 
features of one-dimensional, and therefore the vehicle track is 
mostly predictable [4]. VANET that is also called an 
opportunistic network designed to address several challenging 
connectivity issues such as sparse connectivity, long or 
variable delay, intermittent connectivity, asymmetric data rate, 
high latency, high error rates and even no end-to-end 
connectivity. The opportunistic network architecture adopts a 
store-and-forward paradigm and a common bundle layer 
located on the top of region-specific network protocols in 
order to provide interoperability of heterogeneous networks 

(regions). In this type of network, a source node originates a 
message (bundle) that is forwarded to an intermediate node 
(Relay or Mobile) thought to be closer to the destination node. 
The intermediate node stores the message and carries it while 
a contact is not available. Then the process is repeated, so the 
message will be relayed hop by hop until reaching its 
destination. The concept of opportunistic networking has been 
widely applied to scenarios like Vehicular ad hoc networks [5, 
6].  

In this paper, we exemplify the use of an opportunistic 
network to provide asynchronous communication between 
mobile nodes and relay nodes, on an old part of a city with a 
large area and restricted vehicular access. Mobile nodes (e.g., 
vehicles) physically carry the data, exchanging information 
with one another. They can move along the roads randomly 
(e.g. Cars). Relay nodes are stationary devices located at 
crossroads, with store-and-forward capabilities. They allow 
mobile nodes passing by to pickup and deposit data on them. 
We can also envision the possibility for the relay nodes to be 
able to exchange data with each other, and at least one of them 
may have a direct access to the Internet.   

Some of the potential non-real time applications for this 
scenario are: notification of blocked roads, accident warnings, 
free parking spots, advertisements, and also gathering 
information collected by vehicles such as road pavement 
defects.   

The rest of the paper has been organized as follows: 
Section II gives a brief description of related work. The 
proposed Relay Assisted Epidemic Routing is presented in 
section III. Performance comparison has been done in section 
IV. And finally section V includes concluding remarks and 
future works. 

II. RELATED WORK 
Multihop networking and relay technologies, where 

network nodes adopt self-organization properties and utilize 
short-range wireless communication to achieve network 
functionalities, have been actively researched in recent years. 
Routing is a critical issue in VANETs, and much work has 
been carried out. In flooding-based routing protocols, a data 
packet is to be disseminated to all nodes, including the 
packet's destination. A typical example is the classical 
epidemic routing (ER) [7]. The ER can achieve the least E2E 
packet delivery delay and optimal packet delivery ratio when 
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the traffic load is light. However, it causes a lot of bandwidth 
waste and can lead to buffer overflow at intermediate vehicles 
when traffic load is heavy, thus degrading the routing 
performance. 

Encounter based routing protocol MaxProp [8] forward 
data packets to nodes that have higher meeting probabilities 
with the packet destinations. This type of routing protocols 
takes advantage of the node movement pattern and uses such 
information to estimate the expected meeting time and 
probabilities between nodes. MaxProp[8] introducing a buffer 
management mechanism, which ranks the order of packets 
when exchanging among nodes and also being discarded when 
a buffer overflow occurs. 

Auxiliary node assisted routing protocol use throwboxes or 
relay nodes to assist route selection and packet forwarding. In 
[9], Zhao et al. proposed to use throwbox to facilitate VANET 
routing. A throwbox is a device that can store and forward 
data. Furthermore, in [9], data exchanging is restricted to be 
carried out via throwboxes only, which often leads to low 
packet delivery ratio performance. The ParkCast protocol 
proposed in [10] suggests to use roadside parking cars as 
relays to help data disseminations in VANETs, whereas it does 
not discuss the details regarding how to use relays to help data 
forwarding. In [11], N. Banerjee et al. present an energy 
efficient hardware and software architecture for throwboxes. 
In [12], considers the cases where the throwboxes are fully 
disconnected or mesh connected, analyzing for each case the 
impact of the number of throwboxes over the performance of 
routing protocols. In [13], F. Farahmand et al.  evaluates the 
relation of adding relay nodes to the overall network 
performance of a Vehicular Wireless Burst Switching 
Network (VWBS). It proposes and compares the performance 
of heuristic algorithms whose objective is to maximize the 
network performance in terms of delay or network cost. In 
[14], the author study the tradeoff of mobile networks 
enhanced by the deployment of relays, meshes and wired base 
station infrastructure. In [15-17], the authors study the impact 
of relay nodes on the performance of vehicular delay tolerant 
network and concluded that relay nodes gradually enhance the 
network performance by increasing the delivery rate and 
decreasing the average delay.  

III. RELAY ASSISTED EPIDEMIC ROUTING 
PROTOCOL 

A. Protocol Overview 
Our proposed relay assisted epidemic routing (RAER) 

protocol contains a new mechanism rather than the mechanism 
used in the original epidemic routing protocol [7]. In epidemic 
routing when two nodes come within communication range 
they exchange messages and this process continues till 
message received successfully to the destination but in our 
proposed routing protocol we have deployed relay nodes at an 
intersection point  by keeping in mind that intersection point 
may play a major role to find the best next hope. 

Since the most effective path isn't continually available at 
the instant a packet reaches an intersection, we will deploy a 
relay node at every intersection to assist packet delivery. The 

relay node can store the packet for some time till the most 
effective path becomes available to deliver the packet. As 
illustrated in Figure.1 a packet is forwarded by wireless 
communication through vehicles A, B to the relay node R. 
Once the packet reaches R, the most effective path to deliver 
it's northward. However, there are no vehicles among 
communication range on this road at that time. Thus, R can 
store the packet for a short time, and forward it to the vehicle 
C. Once C passes the intersection and enters the northward 
road. From the figure, we can see that without the assistance 
of the static node, the packet is carried by B to the eastward 
road if B doesn't meet C at the intersection, which can result in 
a much longer packet's delivery path. 

B. Protocol Description 
Four kinds of information are needed to make the message 

forwarding decision: 
(a) Set of vehicles currently in the communication range 

of Relay Nodes. 
(b) The target destination of the message injected into a 

network. 
(c)  Gathering of expected traffic density information 

around relay node at a regular interval. 
(d) Information regarding the message holding relay 

nodes or vehicles. 
 

The algorithm of RAER protocols contains three stages: 

(i) Vehicle to  Relay Node: 
Suppose a vehicle “A” currently holding a 
message “M” with target destination “T” enters 
in an intersection, the vehicle needs to perform 
as follows: 
(a)  Ranking of all intersection points that are in 

communication range in increasing order on 
the basis of their end-to-end distance. 

(b)  Selection of best next hop intersection point 
on the basis of ranking information. 

(ii) Relay Node to Vehicle: 
In this case relay node need to make a decision 
on whether to forward message M to the current 
next hop vehicle or to wait till traffic density 
reaches to maximum limit. 
(a) Forwarding a message to the first vehicle 

that are going towards the destination and 
delete it from relay node buffer. 

(b) If no vehicle found that are going towards 
the destination till network density reaches 
to a maximum limit, deliver that message to 
any vehicle that are in communication range 
and farthest from it (relay node). 

(iii)  Vehicle to vehicle: 
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In this case vehicle “A” will forward message “M” to any 
vehicle that are in communication range until it reaches its 
next intersection point or to the destination. 

   

IV. PERFORMANCE EVALUATION 
Performance Evaluation: We have used Opportunistic 

Network Environment (ONE) simulator [18] in order to 
evaluate the performance of Relay Assisted Epidemic Routing 
(RAER) protocol. One simulator is an open source simulator, 
designed by the Helsinki university and is freely available for 
research and development purpose. 

A. Protocol Simulation Model  
Here we have considered a scenario with  mobile nodes i.e. 

vehicles. The detail of various simulation parameters is listed 
in the table 1. 

B. Performance Metrics 
The focus of the paper is to improve the message delivery 

performance considering two different types of cost metrics i. 
e. Both message delivery rate and message delay. These 
metrics are defined as follows: 

1) Message Delivery Rate: The message delivery rate is 
defined as the ratio of the number of successfully 
delivered messages to total number of messages 

created at the source node. In mathematical form the 
delivery probability can be expressed as 

 

 

 

 

 

2) Average Message Latency/Delay: Average end to end 
delay can be defined as the average time taken from 
the source node to transfer the data packet to the 
destination node. It also includes all types of delay 
such as buffer delay, route discovery process, and 
delay during retransmission of the data packet, and 
propagation time etc. Only the data packets that 
successfully delivered to destinations that counted. In 
mathematical form the delivery probability can be 
expressed as 

 

 

 

The lower value of the end to end delay means better 
performance of the protocol. 

Figure 1: Relay Assisted Epidemic Routing in VANET 

(a) (b) 
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 R  R 

Delivery probability =∑ Number of messages received / ∑ 
Number of messages created 

Message Delay =∑ (arrive time – send time) / ∑ Number of 
connections 
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Simulation Parameters  Simulation Parameter Values 

Map Size 4500 m × 3400 m 

Simulation Time 10000s 

Buffer Size 30 MB 

Packet Transmission Speed 250kBps 

Number of Vehicles (with 
Fixed TTL=300 min) 

20,40,60,80 

Node Movement Shortest Path Map Based Movement 

Speed Vehicles 2.7-13.9m/s 

Transmission Range 10m 

Message Size 500kB-1MB 

Message Generation 
Interval 

25s-35s 

TTL in Min(with fixed 
Vehicles=40) 

20,40,60,80,100,150,200 

Table 1. Simulation Environment Parameters 
Here we have compared the Relay Assisted Epidemic 

Routing (RAER) with well known Flooding based routing 
protocol, one of which is MaxProp and the other is original 
Epidemic routing protocol. We have performed extensive 
simulation work with all these routing protocols in the same 
scenario setting with the above parameter and compared the 
performance of these routing protocols in terms of delivery 
probability rate and average latency/delay under different 
network sizes as well as different TTL.  

A. Performance under different network size 
We evaluate the impact of the node density by varying the 

number of mobile nodes. TTL is set to 300 minutes, and other 
parameters are same as Table 1. Figure.2 and figure 3 show 
the performance as the number of total mobile nodes varies 
from 20 to 80. Along with the increase of the number of 
mobile nodes, the delivery rates of all routings rise gradually. 
Overall, the RAER performs the best in terms of delivery rate 
and average delivery delay.  

Figure 2 Delivery Rate with different Number of Nodes.                            
This is all due to the deployment of stationary relay nodes 
which enhance the contact opportunity of mobile nodes. As 
shown in Figure 2 and figure 3, the delivery rates rise, and an 
average delay of MaxProp and Epidemic first increases this is 
due to the sparse network where the number of mobile nodes 
is less hence less contact opportunities are there but in RAER 
routings delay constantly decreases as the number of total 
network nodes increases. The reason for this is that the 
opportunity for encountering between any two nodes increases 
as the network changes from sparse to dense, and this brings 
high delivery rates. 

B.  Performance under different TTL 
Figure 4 and figure5 show the performance under different 

TTL. The figures show that the RAER performs better in 
comparison to the other routing protocols. As the TTL 
increases, the delivery rates of Epidemic and MaxProp routing  
rise gradually but in our scheme its slightly decreases initially 
and then remained unchanged and the average delivery delay 
increases slightly in all the routing scheme but RAER results 
minimum delay as compared to both. 

 

 
Figure-3 Delay with different Number of Nodes 

 

 

 
Figure 4 Delivery Rate with different TTL. 
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Figure 5 Delay with different TTL 

V. CONCLUSION AND FUTURE WORK 
As the vehicular network is completely composed of 

mobile nodes, the multi-hop data delivery performance may 
degrade under median or low vehicle densities where the 
network is frequently disconnected. In such cases, the 
performance may be improved by adding some stationary 
relay nodes at intersections to assist data delivery. Our 
proposed routing protocol RAER, a Relay Assisted Epidemic 
Routing protocol for Vehicular Ad hoc networks, makes the 
use of stationary relay nodes at intersection point which 
increases the contact opportunities among the mobile nodes 
leading to increase the delivery performance and it reduces the 
data delivery delay through when a packet reaches an 
intersection, it will be stored in the stationary relay node until 
the best delivery path becomes available to further deliver the 
packet. Our future work will lie on the way to designing relay 
node deployment strategy and evaluate the impact of relay 
node on proposed routing protocol. 
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Abstract—Design a suitable data warehouse is getting 
increasingly complex and requires more advance technique for 
different step. In this paper, we present a novel data driven 
approach for fragmentation based on the principal components 
analysis (PCA). Both techniques has been treated in many works 
[2][7] . The possibility of its use for horizontal and vertical 
fragmentation of data warehouses (DW), in order to reduce the 
time of query execution. We focus the correlation matrices, the 
impact of the eigenvalues evolution on the determination of 
suitable situations to achieve the PCA, and a study of criteria for 
extracting principal components. Then, we proceed to the 
projection of individuals on the first principal plane, and the 3D 
vector space generated by the first three principal components. 
We try to determine graphically homogeneous groups of 
individuals and therefore, a horizontal fragmentation schema for 
the studied data table. 

Keywords-component; data warehouse; optimization; PCA; 
vertical fragmentation; horizontal fragmentation; OLAP queries. 

I.  INTRODUCTION (HEADING 1) 

Enterprise wide data warehouses are becoming increasingly 
adopted as the main source and underlying infrastructure for 
business intelligence (BI) solutions. Star schemes or their 
variants are usually used to model these applications. Queries 
running on such applications contain a large number of costly 
joins, selections and aggregations. To ensure a high 
performance of queries, advanced optimization techniques are 
mandatory. By analyzing the main optimization technique 
proposed in the literature we realize that some are applied when 
creating the schema of the data warehouse. We will focus on 
data partitioning [9], [13]. 
 

Especially the horizontal fragmentation problem is stated to 
be NP hard [2]. Roughly speaking, it is very difficult to find an 
optimal solution to problems in this class because of the fact 
that the solution space grows exponentially as the problem size 
increases. Although some good solutions for NP-hard [6] 
problems in general and the view selection problem in specific 
exist, such approaches encounter significant problems with 
performance when the problem size grows above a certain 
limit. More recent approaches use randomized algorithms in 
solving NP-hard problems. 

 

II. RELATED WORK 

 

Many research works dealing with horizontal partitioning 
problem were proposed in traditional databases and data 
warehouses. In the traditional database environment, 
researchers concentrate their work on proposing algorithms to 
partition a given table by analyzing a set of selection predicates 
used by queries defined on that table. Three types of algorithms 
are distinguished: minterm generation based approach [17], 
affnity-based approach [8] and cost-based approach [10]. Most 
of them concern only single table partitioning. Online analysis 
applications characterized by their complex queries motivate 
data warehouse community to propose methodology and 
effcient algorithms for horizontal partitioning. Noaman et 
al.[13] have proposed a methodology to partition a relational 
datawarehouse in a distributed environment, where the fact 
table is derived partition based on queries defined on all 
dimension tables. Munnekeetal.[12] proposed a fragmentation 
methodology for a multidimensional warehouse, where the 
global hypercube is divided into subcubes, where each one 
contains a sub set of data. This process is defined by the slice 
and dice operations(similar to selection and projection in 
relational databases). This methodology chooses manually 
relevant dimensions to partition the hypercube. In [7], a 
methodology and algorithms dealing with partitioning problem 
in relational warehouses are given. The methodology consists 
first in splitting dimension tables and using their fragmentation 
schemes to derive partition the fact table. It takes into account 
the characteristics of star join queries. Three algorithms 
selecting fragmentation schemes reducing query processing 
cost were proposed: genetic, simulated annealing and hill 
climbing. As in traditional database, these algorithms start with 
a set of predicates defined on all dimension tables. The main 
particularity of these algorithms is their control of generated 
fragments.[11] proposed an algorithm for fragmenting XML 
data warehouses based on k-means technique. Thanks to this k-
means, the algorithms controls the number of fragments as in 
[7]. Three main steps characterize this approach: (i) extraction 
of selection predicates (simple predicates) from the query 
workload, (ii) predicate clustering with the k-means method 
and (iii) fragment construction with respect to predicate 
clusters. This approach is quite similar to affinity based 
approach [8]. To summarize, most the proposed works 
proposed in traditional databases are mainly concentrated on a 
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single table partitioning mode. Note that the most of studies in 
data warehouses are mainly concentrated on dependent table 
partitioning, where the fact table is partitioned based on the 
fragmentation schemes of dimension tables ,without addressing 
the problem of identification of dimension tables; except 
Munneke et al.’s work[12] that points out the idea of choosing 
and eliminating dimension to partition a hypercube. 

 

 

 

 

Figure 1.  Requirement-Driven optimization schema  

III.  DATA DRIVEN APRROACH 

 

The algorithm described bellow provides solutions without 
dependence with queries workload during design step, its 
focuses on data by considering data source. 
 
Input:  Data warehouse schema 
1: Begin  
2: PCA algorithm   
3:  define vertical fragment by component 
4:  define horizontal fragment by similarity (correlation) between tuples   
8: End  
 

However, the user may not know all the potential analysis 
required unlike requirement-driven approaches, it is able to 
propose new interesting multidimensional knowledge related to 
concepts already queried by the user. Finally, an optimized 
schema is derived from the input which support and mean fully 
ad-hoc queries 

A. PCA Maintaining the Integrity of the Specifications 

The Principal Components Analysis (PCA) is a part of the 
descriptive multidimensional methods called factorial methods 
[15]. We studied the classical PCA, for which all individuals 
have the same weight in the analysis and all variables are 
treated symmetrically. This can be problematic. The first 
criticism made by practitioners is that: if the old variables are 
heterogeneous, it is difficult to make sense to the principal 
components which are linear combinations of heterogeneous 
variables. The second criticism is that: if we change units on 
these variables, we can completely change the outcome of the 
PCA.  

1) Decision based on the interpretation of the extracted 
components   

Generally, the decision concerning the number of 
components to extract must also take into account the ability 
of researchers to interpret the extracted dimensions. There is 
no need to extract a component based on one of the last 
criteria if this component also defies any comprehension. 
Moreover, in 1996 and as in [7], Wood showed that an 
overestimation of the number of components was generally 
less damaging than an underestimation. The decision on the 
number of components to extract is difficult to make and has a 
significant share of subjectivity. It is suggested to compare the 
different criteria rather than applying directly the Kaiser 
criterion. 

IV.  USE CASE  

To evaluate the optimization bought by the proposed 
algorithm as well as the impact of reducing time execution. 
Test is performed on a data warehouse which collects data 
from two databases in Oracle 10g. To achieve the normed 
PCA and to construct associated graphs with the software R-
Revolution, we have used a machine with a CPU@2.80 Ghz 
and 4 GB of memory. 

The star schema of our DW contains a fact table and three 
dimension tables. 

TABLE I.  THE  BENCHMARK USED  

Table Attribute 

 
 

Journal 
(2 752 060 records) 

Id_user                         (fk) 

Id_nature_operation    (fk) 

Id_table                       (fk) 

Num_operation 

Agency_code 

Data_source 

Table 
    ( 176 records ) 

Id_table                       (pk) 

Table_name 

User 
     ( 103 records ) 

Id_user                        (pk) 

User_name 
User_entity 

Nature_operation 
      ( 3 records ) 

Id_nature_operation    (pk) 

Nature_operation 

  

This study concerns only the fact table "Journal", the same 
approach can be applied to the other dimensions tables. In the 
first step, we are going to center and reduce variables to 
achieve a normed PCA. The study of correlations between the 
original variables and the principal components allow us to 
draw the circle of correlations and to determine graphically, 
under some conditions, candidate variables to be collected in 
vertical fragments. 

By examining the correlation matrix, we notice that the 
presence of a strong correlation is between these three variables 
(num_operation, code_agence and data_source) 

 

Identify applicable sponsor/s here. (sponsors) 
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TABLE II.  CORRELATION MATRIX  

 

The determinant of this matrix is equal to 0.0001538589, its 
value is greater than 0.00001. So, it is a suitable situation to 
achieve the PCA according to Field (2000).  

TABLE III.  USEFUL DATA APPLIED TO PCA  

 

Table 2 shows the evolution of eigenvalues and inertia 
percentages of the fact table "Journal.", So we can  reduce the 
data from 6 to 2 dimensions (C1,C2) keeping successfully 70% 
of the initial variance. 

The third component C3 explains 1.02 units of variance, 
which corresponds to 16.98% of the total variance, and thus a 
total of 86.80% of variance explained by the first three 
components. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Evolution of eigenvalues. 

 

1) Projection of individuals on the first principal 
plan 

 
The first principal plan is spanned by the first two principal 

components; it keeps 70% of the total inertia contained in the 
data table. 

 

 

 

 

 

 

 

 

 

 

Figure 3.  Projection of individuals on the first principal palne. 

We note that individuals belong to two groups clearly 
distinguished: the first group consists of individuals with       
c1> = 0 and the second corresponds to those with c1 <0. 

We can therefore propose a horizontal fragmentation 
schema that contains two fragments. 

Then the projection of 2 752 060 individuals of our fact 
table on the 3D space returns to calculate the new coordinates 
of these vectors/individuals in the new basis of principal 
components. it is a heavy computation which was executed on 
a server host with 32GB of RAM in the Department of 
Mathematics & Computer in the Science Faculty of Oujda. 

The vector space spanned by the first three principal 
components captures 86.80% of the total inertia contained in 
the data table. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.  3D projection of individuals. 

In this projection, we are particularly interested to the 
position of individuals in relation to the third principal 
component (the Z axis), according to the previous Figure, it is 
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clear that this projection appears two blocks of individuals 
clearly separated relatively to the Z axis (Block1: individuals 
for which z <1.5 & Block2: individuals for which z >=1.5), that 
means additional horizontal fragments. 

We can recommend a horizontal fragmentation schema that 
consists of the four following fragments: 

• HF 1 : the set of individuals for which  x>=0 & z >=1.5 

• HF 2 : the set of individuals for which  x>=0 & z <  1.5 

• HF 3 : the set of individuals for which  x<  0 & z >=1.5 

• HF 4 : the set of individuals for which  x<  0 & z <  1.5 

 
In other hands by examining the correlation circle, we can 

say that the three variables (data_source, num_operation and 
agency_code) are well represented on the plan (C1, C2) 
because they are near to the edge of the circle. 

 

Figure 5.  Correlation circle. 

The two variables Data_source and Num_operation are 
highly correlated linearly and positively. While the variable 
Agency_code is highly correlated linearly and negatively with 
the two first variables. 

We can therefore propose a vertical fragment for our DW 
composed by the three variables (Data_source, Num_operation 
and Agency_code). 

The other three variables are not well represented (away 
from the edge of the circle), so we can not say anything about 
these variables. We notice that these variables have a 
correlation coefficient close to zero with the component C1. 

Thus, we can recommend a vertical fragmentation schema 
that consists of the two following fragments: 

• VF1: (data_source, num_operation, and agency_code). 

• VF2: (id_table, id_user and  id_nature_operation). 

 

Figure 6.  Queries execution time in different case. 

 

However these results represent first tests about getting a 
new schema of fragmentation, more advanced analysis has to 
be done especially about OLAP queries workload. This allows 
to get a clearer idea about the impact of our idea figure 6 show 
the evolution, and the benefits of blind optimization in order to 
improve whole performance. 

 

CONCLUSIONS 

In this paper, we show the usefulness of using PCA in the 
context of fragmentation, and we have demonstrated this 
possibility for selecting horizontal and vertical fragmentation 
schema of data warehouses in order to reduce the execution 
time of OLAP queries. 

The 3D projection vectors allowed us to highlight 
additional horizontal fragments invisible in 2D projection. 
However, a profound analysis of the representation quality 
concerning individuals/vectors and the interpretation of the 
new axes/components seems necessary to complete the study. 

The next step of our work is to achieve the fragmentation 
on the Data Warehouse and to compare the execution time of a 
set of OLAP queries with and without mixed fragmentation 
based on our approach. 
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    Abstract— Traffic estimation is an important task in network 

management and it makes significant sense for network planning 
and optimization. The biggest challenge is to control congestion 

in the network and the blocking probability of call to provide 
users a barrier less communication. Effective capacity planning is 

necessary in controlling congestion and call drop rates in mobile 

communication thus an accurate prediction of traffic results 
congestion control, effective utilization of resources, network 

management etc. In this paper a real time mobile traffic data of 
different mobile service providers are estimated using adaptive 

Extended Kalman Filter method. This paper evaluates compares 
and concludes that, this approach is quite efficient with min 

normalized root mean square error (NRMSE) and it can be used 
for real time mobile traffic intensity estimation.  

     Keywords—Traffic Intensity Estimation, recursive filter, Mobile 
Traffic data, Extended Kalman filter, NRMSE. 

I. INTRODUCTION 

     Traffic intensity estimation play increasingly important 

role for optimization on mobile networks and capacity 

planning. In today’s cellular telecommunications systems, 

network resources are allocated according to the peak traffic 

load. So an accurate prediction plays an important role in 

resource allocation, capacity planning etc. A wireless cell can 

host limited number of calls, so in this condition when a new 

user will arrive and request cell to connect for the new call or 

request for the hand off so there will be a chance that user will 

either not be able to connect for the new call or the call drop 
may takes place in case of hand off request. So to avoid this 

accurate prediction is required to provide effective utilization 

of resources, network management, capacity planning etc.  

Capacity planning may involve monitoring the network traffic 

congestion and when the blocking probability increases then 

sufficient resources are allocated to cope up with the condition 

of network traffic congestion .This paper presents estimation 

of mobile traffic based on adaptive Extended Kalman filer 

method. Estimating mobile traffic in erlang is basically 

estimating the offered load. It is given in reference [2] that the 

blocking probability of a call is directly related with the 
offered load i.e. if the offered load increases than there will be 

a chance that blocking probability of a call  increases. 

Blocking probability is the probability that call will be 

blocked while attempting to seize the circuit or it can be 

explained as the probability that the connection cannot be 

established due to insufficient transmission resources in the 

network. So an accurate estimation of traffic helps to 

minimize the blocking probability of a call. This paper is 

organized as follows .In section II paper present existing 
methods of traffic estimation. Section III present classification 

of traffic pattern based on traffic statistics. In section IV 

concept of adaptive extended Kalman filter estimator is 

explained. In section V the experiments are performed with 

the real time traffic dataset of mobile network of two service 

providers and results of simulation are discussed. Sections VI 

present the comparison of Adaptive EKF method with the 

Holt-Winters’s Exponential Smoothing method [6] for traffic 

estimation of mobile network. Section VII concludes the paper 

with a summary. 

II. LITERATURE REVIEW 

    In this section existing attempts to estimate the traffic data 
is discussed. Computation of blocking probability by the 

Erlang loss formulae is discussed in reference [2].The 

reference paper [3] introduces Auto Regressive Integrated 

Moving Average (ARIMA) model. This intends to develop 

statistical model allowing to estimate traffic through time 

series modeling. Problem associated with this model is that it 

is complex and time consuming process. And sufficient 

historical data needed to perform effective modal 

identification. In reference paper [4] Accumulation Predicting 

Model (APM) is introduced which improves shortcomings of 

ARIMA model. But this model requires large amount of data 
for estimation. Time series based prediction using spectral 

analysis is given in reference paper [5]. This method 

developed a sequential least square prediction. This represents 

real traffic flow well but Prediction accuracy decreases as 

forecasting horizon increases. Reference paper [6] relies on 

analysis of traffic data on cell. Forecasting technique shown in 

paper [6] is a quantitative forecasting method that uses 

mathematical recursive function to predict trend behavior. 

This uses time series modal to make prediction assuming that 

future will follow same pattern as past. But problem 

associated with the modal is that whenever traffic data set are 
less, than errors increases. Reference paper [8] present 
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Extended Kalman Filter (EKF) for congestion avoidance in 

the road network .In reference paper [9] adaptive Kalman 

filter for real time measurement of available bandwidth is 

proposed. In reference paper [10] traffic density estimation 

using data fusion technique is introduced. For road traffic 

data, estimation with Kalman filter is performed .Advantage 
of the filter is, it’s simple and flexible structure and prediction 

accuracy. When the measurements are nonlinear in nature 

Extended Kalman filter has to be used for estimating the 

traffic density which is given in reference paper [7].So in this 

paper an approach of traffic load estimation of different 

mobile service providers using adaptive EKF method is 

introduced. 

III. ANALYSIS AND CLASSIFICATION OF TRAFFIC 

DATA 

     Traffic  is  a  core  indicator  for measuring  the  load  and  

utility  rate  of  telecommunication  network  equipments. 

After analyzing traffic statistics it is clear that the traffic data 

shows different behavior of traffic in a cell. Three main 

factors are considered for classification of traffic behavior. 

• Day variations. If we observe dataset during day time cell    

has the busiest hours, but in night time it has small value 

of traffic. 

•  Week variation. Traffic values will be different in week 

days than weekends or vice versa. 

•  Accidental variation. Holidays, national festivals etc. 

these variations are so abrupt and cannot be predicted by 

statistical analysis. 

      In the dataset day and week variation shows the 

periodicity or systematic cyclic behavior and may be predicted 

by statistical analysis .Actual traffic consist of all these kind of 
variations but algorithm applied for prediction will be 

complex and will be showing large error so classifying traffic 

behavior first according to above shown ways and then 

applying estimation technique for prediction of traffic will be 

easy and more accurate.  

                Traffic dataset of different cells of Bharat Sanchar 

Nigam Limited (B.S.N.L) Jabalpur provides the information 

of no. of traffic channel (TCH) and no. of transreciever 

equipment (TRE) associated with different cells. By using the 

available information first we have classified cells into three 

different categories and then we calculated the acceptable 
limit of traffic from the erlang loss formulae given in [2]. It 

means that if traffic goes beyond this value so there will be a 

requirement of capacity planning or allocation of more no. of 

channels in order to reduce the blocking probability. Now the 

classification of cells based on no. of TRE’s and TCH per cell 

is shown below. 

• High intensity traffic cell. The cell where the traffic 

intensity data was maximum and full no. of TCH &TRE’s 

are allotted is considered as high intensity traffic cell. 

Example of these cells are given below in table1 .In cell1 

and cell2, 4 TRE’s were allotted. Each TRE can 

accommodate 8 no. of channels so maximum 32 channels 

can be accommodated by 4 TRE’S but 3 channels are 

reserved for broadcast and for synchronization purpose, 

so maximum 29 channels are allotted. And all are utilized 

by cell 1 and 2 which is shown in table 1.Whereas in cell 

3, TRE’s allotted were 8 and all 58 channels are utilized, 

example of these cells can be the market area, railway 

station etc.  

TABLE1. ANALYSIS OF HIGH INTENSITY TRAFFIC CELL ON 

14TH MAY 2013 

 

cell No. of 

TCH per 

cell 

No. of 

TRE’s 

TCH load (Erlang)  is 

calculated at 2% 

blocking [2] 

Cell1 29 4 21.0 

Cell2 29 4 21.0 

Cell3 58 8 47.8 

 

• Medium intensity traffic cell. The cell in which traffic 

values are comparatively of lower intensity and no. of 

TCH per cell are less than the earlier case, but these cells 

cannot be neglected because average traffic has large 

values during some hour in a day or several day in   a 

week. Example of this cell can be residential areas. Below 

shown in table 2 example of cells. In these cells no .of 

TRE’s are same but no of TCH per cell is less than what it 

can accommodate .so if there is a condition when TCH 

load increases so to maintain voice quality more no of 

channels can be allotted. 

TABLE2.ANALYSIS OF MEDIUM INTENSITY TRAFFIC CELL ON 

14TH MAY 2013 

 
Cell No. of TCH  

per cell 

No. of 

TRE’s 

TCH load (Erlang)  is 

calculated at 2% 

blocking [2] 

Cell4 27 4 19.3 

Cell5 25 4 17.5 

Cell6 26 4 18.4 

 

• Low intensity traffic cell. The cell where traffic values are 

least of the available dataset. The example of these cells 

can be rural areas. Table 3 shows example of the low 

intensity traffic cell where only 2 TRE’s are allotted and 

no. of TCH per cell is less.  

TABLE3.ANALYSIS OF LOW INTENSITY TRAFFIC CELL ON 

14TH MAY 2013 
 

cell No. of TCH 

per cell 

No. of 

TRE’s 

TCH load (Erlang)  is 

calculated at 2% 

blocking [2] 

Cell7 11 2 5.84 

 

We have classified cells into three different categories above. 

As the traffic in a particular cell increase, then to reduce 
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congestion in the particular cell effective capacity planning is 

required. But effective capacity planning requires accurate the 

traffic estimation, now in the next section of the paper the 

concept extended Kalman filters for estimation of mobile 

traffic is described. 

IV.EXTENDED KALMAN FILTER  

     The Kalman filter is a recursive filter that estimate the state 

of linear modal based on the last estimate of state and a no. of 

normally distributed noisy observation [7]-[11]. When made 

applicable to nonlinear model Extended Kalman Filter (EKF) 

can be used where the linearization of the nonlinear model 

around its current state is used. Over the last two decades EKF 

has been successively applied for traffic state estimation 

which is shown in reference paper [8]-[10].Traffic state at 

time k is uniquely described by the vector �� of the cell .The 

EKF is based on nonlinear state space equation [1] which, in 

this case expresses the density vector as a function of density 

in the previous time in step plus process noise Q���.                                  �� � 	
����� � Q���                                  
2� 

	
����� Denotes the nonlinear state transition matrix.EKF 

further more uses measurement equation describing the 

measurement vector as a function of �� and with the 

measurement noise ��.                                  �� � �
��� � ��                                           
3� 

Function   �
��� expresses the function that maps the density 

to a variable in same dimension as the measurement.��  

denotes the vector of all the measurement, �� is measurement 

noise 

           EKF algorithm consists of two steps i.e.  prediction step 

and a correction step , the model under consideration is used 
to predict a new state vector along with the error variance-

covariance matrix  The prediction step is defined  by                                ��� � 	
�����                                               
4�                                ��� � �� ����  ���  � ��                              
5� ��� is a priori estimate of error covariance matrix of state 

vector finally matrix �� is used for linearization of the model . 

 

                               ��  �  � 	
���������                                         
6� 

Note that nonzero derivative exist between two adjacent 

columns. 

               In the second step i.e. correction step, measurement 

used to make correction to the state. For the EKF state 

measurement also need to linearise around the current state. 

For this define �� to be the derivative of the measurement 

mapping function to the state. 

                             �� �  � �
�����                                               
7� 

 Second step of EKF is given by                          ��� ��  � ���
����  � ��� � �� ���                       
8�                          �� � ��� � ��!�� " �
����#                          
9�                           �� � 
% " ��������                                      
10� 

Where I is an identity matrix, and �� is called the Kalman 

gain, which indicates how much the state, should be corrected 

.The result of EKF is a posteriori state vector ��  which is a 

balanced estimate of traffic state given both the estimate of the 

model and the measurements. .��� Is the prior value of 

states. �
����  denotes the nonlinear measurement matrix  

                    For estimating the traffic in the mobile network 
the first step is to store the initial observation of states, so first 

the function “hfun1” is called by using matlab function 

“feval”, which store the initial states of the system. Then 

estimation of state by applying EKF is performed, in order to 

do so, first of all mean is predicted and then calculating the 

jacobian matrix for calculation of covariance, and then by 

utilizing the equations of EKF shown above final stage of 

estimation is performed. After calculating all the estimated 

values, the error is calculated between the true state and EKF 

estimated state of traffic intensity and then results of the 

simulation are shown in the next section. 

V.EXPERIMENTAL RESULTS 

      Traffic dataset are collected from BSNL and IDEA 

CELLULAR, and then experiments are performed. Statistics 

consist of GSM traffic data of different cell of BSNL and 

MSC traffic data of IDEA CELLULAR. Hourly based 

statistics are taken, and then estimation with Adaptive EKF 

method is performed. Two experiments are performed with 

the available data. In experiment no.1 traffic estimation of cell 

1 of BSNL JABALPUR is performed and in experiment 2 

traffic estimation of IDEA CELLULAR NOIDA is performed. 

In the experiments historical traffic data is taken for analysis 

purpose, and based on those data sets Traffic estimation is 
performed .we have taken the traffic dataset of 144 hour to 

estimate the traffic of next 12 hours. 

 

Experiment.1. First experiment is performed with the data 

collected from BSNL office Jabalpur. Simulation is performed 

in the matlab software and the result of simulation is shown 

below. 

 

 
 

Fig. 1.Performance of traffic load estimation of 1 cell of BSNL JABALPUR 

on 16th may 2013 
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Fig. 1 shows the performance of EKF estimating the traffic 

load of 12 hours i.e. from 10.00 hours to 22.00 hours. Which 

includes busy hours also i.e. from 10.00 hour to 11.00 hour 

and from 7.00 hour to 8.00 hour of a cell associated with  

BSNL JABALPUR, and hourly based statistics is considered. 

We estimated the accuracy of proposed method by 
Normalized Root Mean Square Error (NRMSE) which is 

calculated by following formula.  

 

()*+, �  -�. ∑ 012� 12̂12 45.���                        (11) 

Where �� is the real value of traffic at time k, and ��̂ 

is the predicted value of traffic at time k. n is the total no. of 

fitted forecast values. 

For experiment 1 we have calculated the NRMSE by the 

formula shown above in equation 11, NRMSE of 0.0063 is 

calculated. 

                Now the accuracy of the proposed method for traffic 

estimation with respect to no. of iteration is shown below in 

fig. 2. 

 

 
 

Fig. 2. No. of iteration v/s minimum NRMSE plot 

 

Fig.2 shows the plot between NRMSE and no. of iteration and 

it is clear from the plot that as we increase no. of iteration 

NRMSE decreases and better accuracy in the result of 

estimation is found. The best result of NRMSE is 0.0002 

which is shown in fig.2. 

                             Now the parameter based analysis is shown 

next where first we vary the process noise by keeping the 
measurement noise constant and then measurement noise is 

varied by keeping the process noise constant and then  its 

effect on estimation is described. 

 

Parameter Based Analysis 

 

1.  Vary Process Noise. Now we first increase process noise Q 

from 0.01 to 0.1 and keep the measurement noise constant to 

0.1 and  then experiment for estimation of mobile traffic of 1 

cell of BSNL Jabalpur is performed and  then result of 

simulation is shown below in fig. 3.Minimum NRMSE of 

0.0002 is calculated. 

 

 
 

Fig. 3. Performance of traffic load estimation of 1 cell of BSNL JABALPUR 

on 16th may 2013 
 

 2. Vary Measurement Noise. Now we increase measurement 

noise r from 0.1 to 1 and keep the process noise constant to 

Q=0.01 and results of simulation is shown below in 

fig.4.Minimum NRMSE of 0.048 is calculated. 

 

 
 

Fig.4.Performance of traffic load estimation of  1 cell of BSNL JABALPUR 

on 16th may 2013 

 
In both the case of parameter based analysis Adaptive EKF 

method performed satisfactory for estimating the 12 hour 

traffic of a cell associated with the BSNL JABALPUR. 

 

Experiment.2. In this experiment estimation is performed by 

considering the traffic data sets of IDEA CELLULAR, and 

then result of simulation is shown in fig. 5. 
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Fig. 5.Performance of traffic load estimation of IDEA CELLULAR NOIDA on 

16
th
 may 2013 

 

Fig. 5 shows the performance of EKF estimating the traffic 

load of 12 hours i.e. from 10.00 hours to 22.00 hours. The 

NRMSE is then calculated by the by the formulae shown in 

equation 11, minimum NRMSE of 0.0003 is calculated.  
Plot between NRMSE and number of iterations is shown 

in fig. 6. 

 

 
        

  Fig. 6. No. of iteration v/s minimum NRMSE plot 

 

 It is clear from the plot shown above in fig.6 that as we 

increase the no. of iteration then the accuracy of the proposed 

method for estimation increases. The best result of NRMSE is 

0.0003 which is shown in fig.6.Now the parameter based 
analysis is shown below.  

 

Parameter Based Analysis 

 

1.  Vary Process Noise. Now we first increase process noise 

from 0.01 to 0.1 and keep the measurement noise constant to 

0.1 and result of simulation is shown below in fig.7.Minimum 

NRMSE of 0.0010 is calculated. 

 
 

Fig.7.Performance of traffic load estimation of IDEA CELLULAR NOIDA on 

16th may 2013 

 

2. Vary Measurement Noise. Now we increase measurement 

noise from 0.1 to 1 keeping the process noise constant to 

Q=0.01 and results of simulation is shown below in fig. 8. 

Minimum NRMSE of 0.012 is calculated.  

 

 
 

Fig.8.Performance of traffic load estimation of IDEA CELLULAR NOIDA on 

16th may 2013 

 

It is clear from the fig.7 and fig.8 that by varying process noise 
and measurement noise Adaptive EKF method performed 

accurately.  

Now comparison of two methods for mobile traffic 

estimation is given in the next section. 

 

VI COMPARISON OF ESTIMATION METHODS 

 
TABLE 4: PERFORMANCE OF ADAPTIVE EKF METHOD AND HOLT- 

WINTER’S EXPONENTIAL SMOOTHING [6] FOR MOBILE TRAFFIC 

ESTIMATION 
 

Method Minimum NRMSE 

Holt-Winters’s Exponential Smoothing 

[6] 

0.1228 

Adaptive EKF  0.0063 
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Table 4 shows the performance of two methods for estimation 

of mobile traffic. From the different techniques discussed in 

literature review section Holt-Winters’s Exponential 

Smoothing method [6] particularly estimated the traffic of 

mobile network. So in this section a comparison of Adaptive 

EKF method is being made with Holt-Winters’s Exponential 
Smoothing. While estimating the traffic of mobile network 

Holt-Winters’s Exponential Smoothing method gives the 

NRMSE of 0.1228 (in the case when the traffic intensity is 

upto 20 erlang). And this method [6] has considered the whole 

24 hour data to be the data estimated. Whereas Adaptive EKF 

method presented in this paper for traffic estimation gives the 

NRMSE of 0.0063(for the same range of traffic).But in our 

estimation process we have considered the 12 hour data i.e. 

from 10.00 hours to 22.00 hours, (which includes busy hours 

also i.e. from 10.00 hour to 11.00 hour and from 7.00 hour to 

8.00 hour), to be the data estimated. So this has made the 

analysis easier and more accurate results are found. 

VII.CONCLUSION 

      In this paper traffic intensity estimation of mobile 

communication network using Adaptive Extended Kalman 

Filter method has been successfully implemented. Real time 

Traffic intensity datasets are collected from BSNL and IDEA 

CELLULAR. These datasets are pre-processed and then made 

compatible for estimation model. Adaptive EKF method 

successfully estimated the traffic based on historical data. And 

then parameter based analysis by varying process noise, 

measurement noise, no .of iterations being done. Results of 

simulation shows performance quiet efficient. Compared with 
Holt winters method [6] for estimation of traffic intensity 

which gives the NRMSE of 0.1228(when traffic intensity is 

upto 20 erlang),estimation with Adaptive EKF method gives 

the NRMSE of 0.0063 (for the same range of traffic).And by 

increasing no. of iteration minimum NRMSE of 0.0002 is 

calculated. 
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Abstract—DO-278A is an FAA Standard which was published for 

CNS/ATM software development in 2011 while ISTQB1 is the 

worldwide software testing standard framework. Software which 

are developed according to DO-289A are verified by Review, 

Analysis and a few other methods but they are not actually 

sufficient for testing so it would be quite reasonable to deploy 

ISTQB techniques for that purpose. This paper intends to show 

that ISTQB techniques may successfully work for DO-278A 

verification. 

Keywords: component; Software Aviation system; CNS/ATM; 

DO-278A;, ISTQB; Verification.  

I.  INTRODUCTION 

Software failures are common. In most cases, although 
these failures can cause discomfort and inconvenience, but they 
do not cause any long-term or serious risk, however, in some 
systems, failures could result in large economic losses, physical 
damage or threats to human life. This system is called Critical 
System. Critical systems fall into three categories: [1] 

 Safety Critical system 
Failure of this system will result in loss of human life 
or serious damage to environment.   

 Critical Mission system 
 Failure of this system will result in purposeful 

activities.  

 Business Critical system 
Failure of this system will result in high economic 
losses for business users. 

 

The high cost of failure in Critical system implies that they 
need reliable methods and unique techniques for development 
and more than 50% of total development cost is spent on 
verification. 

Development techniques of critical system include: [1] 

 Fault avoidance  
This technique is used to reduce the likelihood of 
defects into the system 

                                                           

* Corresponding author 
1
 International Software Testing Qualification Board 

 Fault detection and elimination 
Verification and Validation techniques are used to 
detect defects and eliminate them  
 

 Fault tolerance 
These techniques are used to ensure that errors do not 
cause system failure. 

 
Testing is a common method for checking the fulfillment of 

customer specifications and requirements. However testing is 
one of V&V techniques. Along with and after the development 
process, the developed product shall be investigated to meet 
customer requirements and to be checked for errors and 
defects. 

To meet this purpose, various tests are executed on the 
software before they become operational. There are several 
standards for testing. One of them is ISTQB as an international 
software test framework. 

CNS/ATM software is a Safety Critical software which 
uses V&V techniques for development and there exists a 
special Standard for their development.  

FAA published DO-178 as a guidance for airborne software 
development at 1982 and published DO-178B as a modified 
version of DO-178 at 1992 and for the first time published  
DO-278 as a supplement for development of CNS/ATM 
software that is used with dependency to DO-178B.   DO-278 
is a dependent document that is used concurrently with  
DO-178B for development of CNS/ATM software. From 1992 
according to questions raised and modifications needed, FAA 
published DO-178C and DO-278A while these are the latest 
versions for software producers. DO-278A is a standalone 
document for developing CNS/ATM software that is used for 
Air Traffic control purposes.  

This paper compares DO-278 and FAA standards for 
producing ground-based software of CNS/ATM, and ISTQB, 
standard for Software testing to find a framework testing 
according DO-278 and ISTQB. 
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II. DO-278A 

A. Assurance Level 

DO-278A that was published in 2011 is a stand alone 
standard for producing CNS/ATM ground-based software. 
However, its previous version, DO-278, is used together with 
DO-178B which is a standard for airborne software. According 
to DO-178B, the failure condition caused by software errors is 
divided into five categories. (Table 1)  

Table 1 Failure Condition [2] 

 

According to five levels of failure condition, software 
assurance levels are defined. It shows that if the assurance level 
is A, the catastrophic incidents will not happen or in order to 
avoid catastrophic incidents, the software should be at level A 
of assurance. (Table 2) 

 

Table 2 Assurance Level [3] 

Severity Assurance Level 

Catastrophic A 

Hazardous B 

Major C 

Minor D 

No Safety Effect E 

 

Table 3 associates DO-278A with DO-178C. AL4 in  
DO-278A doesn’t have any equivalence in DO-178C. It was 
designed for ground-based system when AL3 is strict and AL5 
is too permissive for that. [4] 

 

Table 3 Assurance Level association [2] 

DO-278A DO-178C 

AL1 A 

AL2 B 

AL3 C 

AL4 Not Equivalent 

AL5 D 

 

B. Software Life cycle processes [2]  

Software life cycle processes in DO-278A are:  

 Software planning processes; 

 Software development processes; 

 Integral processes.  

 

Software development processes are: 

 Software requirements process; 

 Software design process; 

 Software coding process; 

 Integration process. 

 

Integral processes are: 

 Software verification process; 

 Software configuration management process; 

 Software quality assurance; 

 Approval liaison process. 

 

The integral processes are performed concurrently with 

software planning and development processes throughout the 

software life cycle according Fig 1. In this paper, the review of 

verification processes is considered. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

III. ISTQB FRAMEWORK [5] 

ISTQB is the software-testing standard, which is published 

in 2002. In this standard, techniques used are divided into the 

general classes: 

 

 Static 

 Dynamic 

 

A. Static techniques 

Static category detects error without running the software 

and includes two main techniques: 

 

 Review 

 Static analysis 

 

In which, each of them have their sub-branches as follows:  

 Review:  

o Informal review 

o Walk through 

o Technical review 

o Inspection 

 

 Static analysis:  

o Data flow 

o Control flow 

Severity Description 

Catastrophic Its cost isn’t compensable such as human lives 

Hazardous 
The situation is difficult to control and can lead to a 

catastrophe if it gets out of control 

Major 
The situation is under control but failing to control the 

situation becomes hazardous 

Minor The situation is under control  

No Safety 
Effect 

The situation that would not effect safety 

Concurrent Activity 

Software 
Development 

Process: 

 
-Requirement 

Process 

-Design Process 
-Coding Process 

-Integration 

Process 

Integral Process: 
 

 

-Software 
Verification 

-Software 

Configuration 
Management 

-Software Quality 

Assurance 
-Certification 

Liaison 

Figure 1 Concurrent Activity 
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B. Dynamic techniques  

Dynamic technique has three main categories in which 

each of them has its subclasses as follow: 

 

 White box technique 

o Statement Coverage 

o Decision Coverage 

o Loop Coverage 

o Condition Coverage 

o Multiple Conditions 

o Basic Path 

 

 Black box technique 

o Equivalence Partitioning 

o Boundary Value Analysis 

o Decision Table 

o State Transition  

o Comparing  

   

 Experience based technique 

o Error Guessing 

o Exploratory Testing 

 

IV. REVIEW CONSIDERATION OF DO-278A AND ISTQB  

Generally, DO-278A verification is done by review, 

analysis and testing. However, there is not any special 

technique for verification.  

 
Subject to verification objectives which is described in 

tables of annex A of DO-278A, ISTQB techniques can be used 
for DO-278A verification. 

A. Static Techniques 

Correspondence table of DO-278A objectives and static 

ISTQB techniques are described in Table 4. According to 

objective tables, the following result is derived: 

From among ISTQB Static techniques, informal review is 

only used for coding of DO-278A. Since DO-278A is about 

Safety-Critical software and informal review is not used for 

such software, then the results of ISTQB Static Review that 

can be used in DO-278A are:  

 

 Peer Programming ( Informal Review )  

 Walkthrough 

 Technical Review 

 Inspection 

 Data Flow 

 Control Flow 

 

 

 

B. Dynamic Techniques 

Correspondence between DO-278A objectives and 

Dynamic ISTQB techniques are described in Table 5. 

According to objective tables, following result is derived: 

Testing strategy of DO-278A is based on requirement 

testing, so it must be considered in selecting the test cases and 

also requirement coverage must be obtained in all assurance 

levels.  

From among Dynamic technique of ISTQB all of them are 

used except: 

 

 Decision Coverage; 

 Basic Path;  

 Decision Table; 

 Comparing;  

And other techniques are used to Verification under  

DO-278A. 

 

 

 

 
Table 4 Review and Analysis f DO-278A and Static techniques of ISTQB 

Static Analysis Review ISTQB 

                     

  DO-278A     

Control Flow Data Flow Inspection Technical Review Walkthrough Informal Review 

      Review and Analysis of 

High Level 

Requirement 

      Review and Analysis of 

Low Level 

Requirement 

      Review and Analysis of 

Software Architecture 

      Review and Analysis of 

Source Code 

      Review and Analysis of 

Integration 
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Table 5 Testing of DO-278A and Dynamic Technique of ISTQB 

Black Box White Box      ISTQB 

 

 

DO-278A 

Comparing State 

Transition 

Decision 

Table 

Boundary 

Value 

Equivalent 

Partitioning  

Basic 

Path 

MC/DC Condition 

Coverage 

Loop 

Coverage 

Decision 

Coverage 

Statement 

Coverage 

            Normal 

Test case 

           Robustness 

Test case 

           Test 

Coverage 

of 

Software 

Structure 

 

 

 

V. CONCLUSION 

DO-278A is for producing CNS/ATM software and 

ISTQB is a software testing Framework. 

By using ISTQB techniques in DO-278A we could be able 

to achieve a robust testing technique to fulfill testing 

requirements. ISTQB Techniques deployed for CNS/ATM 

Software are: 

 

 Static  

o Informal review 

o Walk through 

o Technical review 

o Inspection 

o Data flow 

o Control flow 

 Dynamic 

o Statement Coverage 

o Loop Coverage 

o Condition Coverage 

o Multiple Conditions 

o Equivalence Partitioning 

o Boundary Value Analysis 

o State Transition  

 

This paper aimed to show the capability of ISTQB 

Framework to test mission-critical systems as a proof of the 

compatibility of that framework with such systems. 
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Abstract:  The  network  traffic  in  the  upcoming 
wireless network is expected to be extremely non-
stationary  and  next  generation  wireless  networks 
including 3rd generation are expected to provide a 
wide  range  of  multimedia  services  with different 
QoS constraints on mobile communication because 
of  that there is no guarantee for a given system to 
provide good quality of service. So that there is a 
need to design an efficient queuing mechanism by 
which  the  QoS  is  going  to  be  improved  for 
wideband services. This paper proposes an efficient 
active  queue  management  mechanism  to  control 
the congestion at the router. This paper is mainly 
aimed towards the WCDMA scheme for wideband 
services  like  video.  So  that  it  integrates  the 
WCDMA  with  IR-RAN  using  active  queue 
management.  By  simulation  result  our  proposed 
WCDMA  architecture  along  with  active  queue 
management  (AQM)  will  achieves  the  effective 
peak signal to noise ratio (PSNR).

Keywords: WCDMA, IP-RAN, QoS, ,PSNR.

                  I.INTRODUCTION    

The  consumers  of  the  future  will  put  new 
requirements  and demands on services.  However, 
the fact is that today we already use different kinds 
of  multimedia services,  i.e.  services  that  to  some 
extent combine pictures, motion and audio. These 
include TV, video and the Internet. Many of these 
applications have become fundamental elements of 
our  lives  because  they  fulfill  basic  needs.  So  to 
access all these services there should be minimum 
loss during data transmission. This can be achieved 
by designing an efficient medium having minimum 
losses.  Now a days the various types of services 
accessing  by  multi  users  at  a  time  contains  an 
important  data.  So  this  important  data  has  to  be 
received  in  the  way  such  that  there  should  be 
maximum perceived quality. This both features can 
be obtained effectively by integrating the WCDMA 
communications  with  the  IP networks.  The main 
aim in these IP-RAN networks is maintaining the 

good quality of service as well as at a time it has to 
achieve multi high data rate services. The aim of 
multi high rate service accessing can be achieved 
by WCDMA [1], because it comes under wideband 
communications.  Another  aim  of  achieving  good 
quality of service can be achieved by designing an 
efficient congestion [3], [4] control method at the 
router.  With the increase in the data access using 
these  protocol,  demands  for  larger  bandwidth  in 
coming future. Increasing bandwidth may not be a 
suitable  solution  as  it  is  economically  non-
advisable. The decrease in the resources may lead 
to  congestion  [4]  in  the  network  resulting  to 
complete collapsing of the network. A mechanism 
is hence required to overcome these problems so as 
to support larger data in the constraint resource to 
provide fair routing with least congestion.
This work proposes an active queue management 
for control of congestion in IP-RAN network which 
is utilizing the Wide band code division multiple 
accesses  (WCDMA)[2]  at  the  transmitter  and 
receiver  stages,  to  maximize  network  capacity 
while maintaining good voice quality. The principle 
underlying the scheme is regulation of the IP RAN 
load  by  adjusting  the  queue  according  to  the 
priority.  IP  routers  using  a  drop  tail  mechanism 
during congestion could produce high delays and 
bursty losses resulting in poor service quality. Use 
of active queue management at the routers reduces 
delays  and  loss  correlation,  thereby  improving 
service  quality  during  congestion.  This  project 
objective  is  to  implement  a  efficient  congestion 
control  mechanism on  router  using  active  queue 
management  improving  the  performance  of  IP-
Based Radio Access Network.
The  rest  of  the  paper  is  organized  as  follows: 
section II gives the details about the system model 
used. The complete detail about the design of an 
active queue management for congestion avoidance 
at  the  router  is  illustrated  in  section  III.  Next, 
section  IV  gives  the  results  evaluation  for  the 
proposed  approach,  finally  conclusions  are 
provided in sectionV.
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II.SYSTEM MODEL

This section gives the illustration about the basic 
system  model  used  to  implement  the  proposed 
approach.  The  proposed  approach  utilizes  the 
WCDMA system  model  to  provide  the  multiple 
accessing  because  in  wideband  systems,  the 
transmission bandwidth of a single channel is much 
larger than the coherence bandwidth of the channel. 
Code  division  multiple  access  technique  comes 
under  wideband  systems.  The  general 
communication  architecture  of  the  proposed 
approach is shown below.

Fig.1.Basis Architecture based on WCDMA 

The basic communication system modeling 
utilizing the WCDMA as multiple accessing 
techniques shown in fig.1 is illustrated as follows:
A. Transmitter design
In  Wide  band  Code  Division  Multiple  Access 
(WCDMA) system the  input  band  data  signal  is 
added  to  a  high  rate-spreading  signal.  This 
spreading  signal  is  formed  from  a  pseudo-noise 
code sequence, which is then multiplied by a Walsh 
code for  maximum orthogonality to  (i.e.  to  have 
low cross-correlation with) the other codes in use 
in  that  cell.  Typically,  CDMA  pseudo-noise 
sequences are very long, thereby giving excellent 
cross correlation characteristics. The IS-95 system 
can  be  thought  of  as  having  many  layers  of 
protection  against  interference.  It  allows  many 
users to co-exist, with minimal mutual interference. 
The  spreading  signals  from  all  the  users  are 
summed  up  and  transmitted  through  the  DPSK 
modulator.  The  following  fig.2  gives  the  basic 
design of the transmitter using in this approach.

Fig.2. Transmitter block diagram

Transmissions from a single source are separated 
by  channelization  codes,  i.e.,  download 
connections  within  one  sector  and  the  dedicated 
physical  channel  on  the  uplink.  The  OVSF 
channelization  code  preserves  the  orthogonality 
between different  physical  channels  using a  tree-

structured  orthogonal  code.  Next  the  Scrambling 
codes  make  the  direct  sequence  CDMA  (DS-
CDMA) technique  more  effective  in  a  multipath 
environment.  It  significantly  reduces  the  auto-
correlation between different time delayed versions 
of a spreading code so that the different paths can 
be uniquely decoded by the receiver. Additionally, 
scrambling codes  separate  users  and  base  station 
sectors  from  each  other  by  allowing  them  to 
manage their own OVSF trees without coordinating 
amongst  themselves.  After  that  the  spreader 
messages from multiple source nodes are summed 
together for transmissions are spectrally overlapped 
and  time-overlapped.  Adaptive  power  control 
schemes are employed in WCDMA technology for 
efficient transmission of messages. The differential 
encoding process at the transmitter input starts with 
an  arbitrary first  bit,  serving  as  a  reference,  and 
therefore the differentially encoded sequence dk is 
generated by using the logical equation 

(1)

Where mk is the input binary digit at time KTb and 
dk-1 is  the  previous  value  of  the  differentially 
encoded digit.  The symbol  denotes module-two 
addition, and the use of an overbar denotes logical 
inversion.  The differentially encoded sequence dk 

thus generated is used to phase-shift key a carrier 
with the phase angles 0 and  radians.  The block 
diagram of the DPSK transmitter, which is used in 
this thesis, is shown in the fig above. It consists in 
part,  of  a  logic  network  and  a  one-bit  delay 
element interconnected so as to convert an input 
binary  sequence mk  into  a  differentially  encoded 
sequence  dk in  accordance  with  the  above 
equation.

 B. Receiver Design

At the receiver, the inverse operation of transmitter 
is  performed to recover the original signal,  while 
interfering  signals  are  considered  as  noise,  and 
mainly suppressed by the matched filter. The Multi 
User Detector block in the receiver carries with the 
bank of matched filters to dispread the user data at 
the receiver output. 

Fig.3.receiver Block diagram
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The  basic  function  of  the  DPSK demodulator  is 
illustrated here. At the receiver, a reference carrier 
is  created  from  the  input  signal.  This  recovered 
carrier  is  at  the  same  frequency  as  that  of  the 
original carrier, but without any phase changes, in 
the sense the reference carrier has a constant phase, 
the  recovery  scheme  used  is  explained.   The 
recovered carrier is mixed with the input modulated 
signal  to  retrieve  the  unmodulated  signal.  At  the 
receiver input, the received DPSK signal plus noise 
is passed through a band-pass filter centered at the 
carrier frequency fc, so as to limit the noise power. 
The filter output and delayed version of it, with the 
delay equal to the bit duration Tb, are applied to a 
correlator.  The  resulting  correlator  output  is 
proportional to the cosign of the difference between 
the carrier phase angles in the two correlator inputs. 
The  correlator  output  is  finally  compared  with  a 
threshold of a zero volts, and a decision is thereby 
made  in  favor  of  symbol  1  or  symbol  0.This 
discrimination  between  the  received  codes  is 
accomplished by means of a matched filter, whose 
output indicates when a particular code sequence is 
detected in the input data stream.A matched filter is 
a  filter  whose  frequency response  is  designed  to 
exactly match the frequency spectrum of the input 
signal. These filters are used as signal processors in 
communications  receivers  to  calculate  the 
correlation between the transmitted signal and the 
received signal.
 In WCDMA systems the matched filter is tuned to 
match  a  code sequence,  which  is  expected  to  be 
contained  within  the  digital  samples  entering  the 
system receiver. The matched filter indicates when 
this  code  sequence  is  detected  in  the  input  data 
stream. The output  of  a  matched  filter  will  be  a 
score value. A higher score value indicates a more 
tuned match with the code sequence of the received 
data  stream.  This  is  also  called  correlation,  and 
hence  a  high  score  value  represents  a  good 
correlation  of  input  with  the  code  sequence  of 
interest.  Unlike  a  transmission  filter  where  the 
continuous  data  stream  entering  the  filter  is 
modified to form a new continuous data stream, a 
matched filter  output must be considered to be a 
flow of individual results. These results must then 
be analyzed to identify the individual point where 
the  match  occurred.  The  message  retrieved  from 
the  match  filters  consists  of  message  with  the 
spreading code. Once the message of each user is 
differentiated  using  the  match  filter  Bank  the 
retrieved message bits are passed down to Dispread 
blocks,  where  these  message  bits  are  again 
multiplied by the spreading code developed by the 
gold  code  generator  in  the  receiver  system.  The 
dispreading  of  the  message  takes  place  exactly 
opposite to the spreading method. Here each n-bit 
is represented by its equivalent one bit of message.
In this way a successful communication is going to 
be established between source and destination. An 

important  challenge  in  this  schemes  addressing 
congestion occurrence at the channel (router) from 
entering the congestion state rather than having to 
recover  once  congestion  has  occurred.  A scheme 
that  allows  the  network  to  prevent  congestion  is 
called a router design for congestion avoidance is 
discussed in next section. 

III. ROUTER DESIGN TO AVOID 
CONGESTION

This section gives  the design of  a  router  module 
which in present between transmitter and receiver. 
The main purpose to design this router is to control 
the  congestion  [3],  [4]  occurring  at  the  router. 
There are so many congestion control  techniques 
are proposed to avoid the congestion ta the router 
like drop tail router, random early detection, active 
queue  management,  etc.,  this  section  gives  the 
complete  description  about  the  active  queue 
management,  because  this  was  gaining  more 
research interest in recent days.

A. ROUTER MECHANISIMS

We term a group of successive packets in a queue, 
having  the  same  IP  source-destination  addresses 
and the same port  numbers,  as  “burst  of  packets 
belonging to the same flow”.
The  router  active  queue  management  algorithm 
detects incipient congestion. In this case, the packet 
to  be  sent  is  checked  in  order  to  identify  two 
different conditions: 1, the packet is ECN marked, 
and 2,  the packet is  the last  packet of a  burst  of 
packets belonging to the same flow and stored in 
the router’s queue. When the packet is not marked 
(condition 1 does not hold), the ECN bit is set in 
the  IP  header.  If  condition  2  applies  and  if  the 
packets of the burst do not hold any ECN mark, an 
ICMP source  quench  message  is  returned  to  the 
source of the burst. 

Fig.4. Routing mechanism
The ECN bit set in the IP header of a packet is used 
by the successive congested routers as an indication 
that  the burst  has already passed through at  least 
one  congested  router.  Hence,  an  ICMP  source 
quench was already transmitted to  the sender for 
this burst  and an additional  ICMP source quench 
transmission is avoided. When the router’s queue 
becomes full, the queue enters the congestion state 
and the arriving packets are dropped. The queued 
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packets to be sent are checked as in the incipient 
congestion case.

B.Sender mechanisms

The sender reaction to network congestion is  the 
most  sensitive  part  of  a  congestion  avoidance 
scheme, influencing the loss rate at the bottleneck 
link  (high  if  the  sending  rate  is  too  high),  the 
efficient utilization of resources (low if the sending 
rate is too slow), and the fairness among the flows 
involved.  Negotiations  between  sender(s)  and 
receiver(s)  by  means  of  end-to-end  flow  control 
mechanisms  allow  establishing  data  transfer  rate 
boundaries agreed by receiver(s). These boundaries 
are hereinafter called limits. In the case of TCP[5], 
the  flow  control  is  ensured  by  a  window 
mechanism  that  uses  a  field  in  the 
acknowledgments to advertise the buffer space of 
the receiver to the sender. In the case of UDP, flow 
control mechanisms, if any, are handled at a higher 
layer.  We focus  below  on  the  algorithm used  to 
adjust the data transfer rate offered by the sender to 
ICMP source quench. As long as no ICMP source 
quench has  been  received  since  the  data  transfer 
started, the sources keep on sending data at the rate 
monitored  by  the  upper  layer  mechanisms  (e.g. 
TCP for  TCP flows,  application for  UDP flows). 
When  the  first  ICMP  source  quench  arrives 
indicating  congestion  or  incipient  congestion, 
additional mechanisms are activated at the sender 
side.

IV.RESULTS

This section gives the complete illustration about 
the  performance  evaluation  of  the  proposed 
approach.  There  are  30  wireless  nodes  move 
randomly in a given 1000x1000 m2 square. Video 
sequences are in the .avi format. We encoded the 
video into MPEG4 formatted file, and transmitted 
through  the  network  shown  below.  Finally 
compare  the  file  after  transmission  with  the 
original file, and calculate the PSNR (Peak Signal-
to-Noise  Ratio)  value.  PSNR  is  one  of  the  most 
widespread  objective  metrics  to  assess  the 
application-level QoS of video transmissions. First 
to  evaluate  the  numerical  analysis  we  have  to 
evaluate  the  mean  square  error  between  the 
original video and recovered video. Then the PSNR 
can be evaluated by applying the logarithm for that 
MSE. The formulae for MSE and PSNR evaluation 
are shown below.

MSE=             (2)
Where the recovered video is sequence and  is the 
original video sequence.

PSNR=10*log(MSE)       (3)
The  wireless  bandwidth  is  set  as  11Mb.  Node 
communication radius is set as 300m. The length of 
interface queue is set 100. 
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Fig5.Random topology in networks

In this work to evaluate the proposed approach we 
had  considered  a  network  having  30  nodes.  The 
area of the network considered is 600 m^2. In this 
network  the  nodes  are  distributed  in  random 
fashion. The x-axis denotes length of the network 
along horizontal  direction and  the  y-axis  denotes 
the  length  along  the  vertical  direction
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.
Fig6. Network in random topology with links.
The  above  figures  shows  the  complete  links 
provided  from each  and  every node to  each  and 
every  node.  For  this  purpose  the  distance  from 
node to node has to be evaluated. Then only the 
links are going to be plotted by comparing it with 
the network range. Thus to provide a link between 
two  nodes  the  distance  between  that  two  nodes 
should be less than the network range.
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Fig7. Network with  selected route .
The  above  figure  shows  the  path  established 
between two nodes. Here the node 21 is considered 
as  source node and the node 11 is considered as 
destination  node.  To  establish  the  path  between 
these two nodes first the source node has to send 
the  request  packet  to  destination  node  then  the 
destination  node  has  to  be  acknowledge  an 
acknowledgement to source. If the source receives 
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theacknowledge  from  the  given  destination  node 
then the path is said to be established. Then only 
the  communication  for  information  transfer  is 
going to be occurred between those two nodes.

O r i g i n a l  V i d e o  s e q u e n c e

Fig8. Original video sequence

The  above  figure  represents  the  original  video 
sequence taken to process through the selected path 
between  source  node  and  destination  node.  The 
given video file format is  qcif.yuv. The proposed 
algorithms applied on this video one by one and the 
performance is analyzed by evaluating the PSNR 
for obtained video at destination

E x t r a c t e d  F r a m e s

Fig9. Extracted frames

Generally a video file is considered as a group of 
images (frames). So to process any operation on an 
video  in  the  first  stage  we  have  to  extract  the 
frames  from  it.  The  above  figure  denotes  the 
extracted frames for  the given video sequence in 
the fig11.

R e c o v e r e d  V i d e o  s e q u e n c e  u s i n g  A A Q M  m e t h o d

Fig10. Recovered video sequence using AQM

The  above  figure  denotes  the  recovered  video 
sequence at the decoder. It is almost same as is it is 
of the input video sample given at the source node. 
So that the proposed method is said to be efficient. 
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Fig11.PSNR plot

The above figure  denotes  the  PSNR plot  for  the 
proposed approach and also for previous approach. 
First to evaluate the numerical analysis we have to 
evaluate the mean square error between the original 
video and recovered video using equation (2). Then 
the  PSNR  can  be  evaluated  by  applying  the 
logarithm  for  that  MSE.  This  is  evaluated  by 
equation (3). From the adobe figure.13 it  is clear 
that the obtained PSNR value is high for proposed 
approach for a given frame index.

V.CONCLUSION

This  paper  introduces  a  new  approach  using 
WCDMA Network  for  fairness  by  means  of  the 
router  round  trip  time  concept  used  by  our 
mechanism. We evaluated the mechanism behavior 
by simulations and our results show that it achieves 
fair  sharing  of  network  resources  using  little 
bandwidth  control  overhead.  Due  to  space 
limitations,  many  details  of  the  algorithm  and 
simulation results are not shown in this paper. 
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Abstract-ANSYS 14 software is used for analyzing the 
infill frames. The numerical values of strain are used to 
train the artificial neural network (ANN) topology by 
using Back propagation algorithm (BPA) and Radial 
basis function network (RBF). The training patterns 
used for the ANN algorithms are chosen from the strain 
data generated using ANSYS program. During the 
training process, node numbers are presented in the 
input layer of the ANN and correspondingly, strain 
values are presented in the output layer of the ANN. 
Depending upon the type of values present in the 
patterns, the learning capability of the ANN algorithms 
varies. 

Keywords: Artificial Neural Network (ANN); Back 
propagation algorithm (BPA); Radial basis function 
(RBF). 

I. INTRODUCTION 

Structural material for building construction is 
based on masonry. Behavior of masonry under lateral 
load helps in evaluating the seismic vulnerability of 
existing buildings. Hence, proper retrofitting 
measures can be done. Masonry is held by the 
confining action of surrounding frame.The local 
behavior to masonry has to be considered during 
simulation. Masonry infills are a popular form of 
construction of high-rise buildings with reinforced 
concrete frames. The infilled frame consists of a 
moment resisting plane frame and infill walls. The 
masonry can be of brick, concrete units, or stones. 
Usually the RC frame is filled with bricks as non-
structural wall for partition of rooms. Parking floor 
are designed as framed structures without regard to 
structural action of masonry infill walls. They are 

considered as non-structural elements. RC frames 
acts as moment resisting frames leading to variation 
in expected structural response. Masonry infill panels 
are treated as nonstructural element and their strength 
and stiffness contributions are neglected. The 
presence of infill wall changes the behavior of frame 
action into truss action thus changing the lateral load 
transfer mechanism.  

II. RELATED WORK 

Alirezaet al, 2013, gives a detailed presentation of 
a generic three-dimensional discrete-finite-element 
model that has been constructed for reinforced-
concrete frames with masonry infill using ANSYS. 
Appropriate experimental data available from the 
literature are utilized to verify the model. The reasons 
behind some of previously observed damage to infill-
frames are given. A simple method is proposed to 
overcome convergence issues which are related to the 
Newton–Raphson algorithm. It is shown that the 
model can be employed to predict the behavior of the 
infill-frame over a wide range of drift, and to 
interpret its response at various stages of in-plane or 
out-of-plane loading. 

Cavaleriet al, 2013 treated the prediction of the 
response of infilled frames through the simplified 
approach of substituting the infill with an equivalent 
pin-jointed strut. In this framework, the results of an 
experimental study for the mechanical 
characterization of different types of masonry infills 
having the aim of estimating strength, Young 
modulus and Poisson’s ratio are presented. Four 
types of masonry were investigated and subjected to 
ordinary compressive tests orthogonally to the mortar 
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beds and along the directions of the mortar beds. The 
experimental campaign confirmed the possibility of 
using an orthotropic plate model for prediction of the 
Poisson’s ratio and Young modulus along the 
diagonal direction of infills (these parameters are 
requested by a model already known in the literature 
for the identification of struts equivalent to masonry 
infills). The experimental campaign made it possible 
to recognize a correlation between the Poisson’s 
ratios and the strengths of masonries investigated 
along the orthotropic axes and to obtain the diagonal 
Poisson’s ratio without specific experimental tests. 
Finally, the experimental responses of some infilled 
frames were used to test the reliability of the model 
proposed here. 

Daniel et al, 2012 investigated the sensitivity of 
the seismic response parameters to the uncertain 
modelling variables of the infills and frame of four 
infilled reinforced concrete frames using a simplified 
nonlinear method for the seismic performance 
assessment of such buildings. This method involves 
pushover analysis of the structural model and 
inelastic spectra that are appropriate for infilled 
reinforced concrete frames. Structural response was 
simulated by using nonlinear structural models that 
employ one-component lumped plasticity elements 
for the beams and columns, and compressive 
diagonal struts to represent the masonry infills. The 
results indicated that uncertainty in the characteristics 
of the masonry infills has the greatest impact on the 
response parameters corresponding to the limit states 
of damage limitation and significant damage, 
whereas the structural response at the near-collapse 
limit state is most sensitive to the ultimate rotation of 
the columns or to the cracking strength of the 
masonry infills. Based on the adopted methodology 
for the seismic performance assessment of infilled 
reinforced concrete frames, it is also shown, that 
masonry infills with reduced strength may have a 
beneficial effect on the near-collapse capacity, 
expressed in terms of the peak ground acceleration. 

III. PROBLEM DEFINITION 

This paper provides neural network to supplement 
finite element analysis of infill masonry. During 
analysis strength and stiffness are evaluated subjected 
to lateral forces. 

IV. MATERIALS AND METHODOLOGIES 

A. Back Propagation Algorithm (BPA) 

The concept of steepest-descent method is used in 
BPA [Atiya A.F., and Parlos A.G., 2000] to reach a 
global minimum. The number of layers are decided 
initially. The number of nodes in the hidden layers 
are decided. It uses all the 3 layers (input, hidden and 
output). Input layer uses 17 nodes, hidden layer has 2 

nodes and the output layer includes two nodes. Flow-
chart for BPA is shown in Figure 1. 

 

Fig.1 Flow-chart of BPA 

STEPS INVOLVED IN  

FORWARD PROPAGATION 

The hidden layer connections of the network are 
initialized with weights. 

The inputs and outputs of a pattern are presented 
to the network. 

The output of each node in the successive layers 
is calculated. 

O(output of a node)=1/(1+exp(-∑wijxi))   (1) 

For each pattern error is calculated as: 

E(p) = (1/2) ∑(d(p) – o(p))2  (2) 

REVERSE PROPAGATION 

For the nodes the error in the output layer is 
calculated 

δ(outputlayer)=o(1-o)(d-o)   (3) 

The weights between output layer and hidden 
layer are updated 

W(n+1) = W(n) + ηδ(output layer) o(hidden layer) (4) 

The error for the nodes in the hidden layer is 
calculated 

δ(hidden layer)= o(1-o)∑δ(output layer)W(updated weights between 

hidden & output layer) (5) 

The weights between hidden and input layer are 
updated. 
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W(n+1) = W(n) + ηδ(hidden layer) o(input layer)    (6) 

The above steps complete one weight updation. 

The above steps are followed for the second 
pattern for subsequent weight updation. When all the 
training patterns are presented, a cycle of iteration or 
epoch is completed. The errors of all the training 
patterns are calculated and displayed on the monitor 
as the MSE. 

E(MSE) = ∑ E(p)  (7) 

B Radial Basis Function (RBF) 

Radial Basis Functions (RBFs), [John Moody and 
Christian J Darken, 1989, Craddock R.J., and 
Warwick K., 1996], assures approximation to a 
function ‘f’ given input data. Input point is presented 
through a set of basis functions and the 
approximation is produced with RBF centers. Then 
the result is multiplied with a coefficient to sum them 
linearly.  

 The approximation is stored in the 
coefficients given function ‘t’ to obtain centers of the 
RBF. RBFs have the following mathematical 
representation:  

F x c c Φ   x CR
N

               8  

Where,  

c is a vector containing the 
coefficients of the RBF,  

CR is a vector containing the center of 
the RBF, and  

φa is the basis function or activation 
function of the network.  

 F(x) is the approximation produced as the 
output of the network. The coefficient co, which is a 
bias term, may take the value 0, if no bias is present. 
The norm used is the Euclidean distance norm. 
Equation (9) shows the Euclidean distance for a 
vector ‘x’ containing n elements:  

∑
=

=
n

1i

2
ix||x|| (9) 

 

Each center CRj has the same dimension 
as the input vector ‘x’, which contains ‘n’ input 
values. The centers are points within the input data 
space and are chosen so that they are representative 
of the input data. When a RBF calculates its 
approximation to some input data point, the distance 
between the input point and each center is calculated, 
in terms of the Euclidean distance. The distances are 
then passed through the basis function φa. The results 

of the basis functions are weighted with the 
coefficients ci and these weighted results are then 
linearly summed to produce the overall RBF output. 
One of the most common choices for the basis 
function is that of the Gaussian:  

Φ x exp   (10) 

 In which ‘σ’ is simply a scaling parameter. 
Other choices for the basis functions include the thin 
plate spline, the multi-quadric and the inverse multi-
quadric.  

Algorithm for Training RBF Network 

There are two types of training techniques for 
RBF to choose the center values. They are:  

1. Production of the coefficients using linear least 
squares optimization, after the center values have 
been chosen, using either some fixed or self 
organizing technique.  

2. Production of the centers and coefficients using 
gradient descent equations. The center values are 
chosen during the training technique, instead of being 
fixed previously.  

The following steps are the algorithm of training 
a radial basis function for the identification of 
electrical disturbances. 

Step 1: Initialize the target values for the RBF 
network are used. 

Step 2: Load the feature values  

Step 3: Determine the RBF as, 

K   X  (11) 

L    X  (12) 

     RBF 

 
e ∑ K L e ∑ K L

e ∑ K L e ∑ K L

13  

Size of the RBF matrix is ns x ns. 

Step 4: Calculate the matrix G as 

G RBF (14) 

A GT G (15) 

Step 5: Compute the determinant value of matrix 
A. If it is zero do the step 6, otherwise go to step 7. 
 Det |A|        (16) 

Step 6: Find SVD of A. This process produces 
diagonal matrix S, and a decreasing order non-
negative diagonal elements, and U and V unitary 
matrices, so that, 

A U S VT (17) 
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Step 7: Compute the Inverse of matrix A 

B A   (18) 

Step 8: Determine the matrix E as 

E B GT (19) 

Step 9: Calculate the final weights and store in to 
file. 

wRBF E TRBF (20) 

Step 10: Do the steps from 1 to 9 for remaining 
disturbance signals. 

The flow chart for RBF implementation is given 
in Figure 2. 

 

 

Fig. 2 Radial Basis Function Flow chart 

 

 

 

V. EXPERIMENTAL SIMULATION 

The model with struts fixed inside the frame is 
represented in Professional Engineer and imported as 
IGES into ANSYS 14 

 

Fig.3 Model undeformed frame with struts as infill 

TABLE.1 STRAIN-LIFE PARAMETERS 
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Fig.4 strain distribution 
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Fig. 4 shows the amount of strain presented at 

various nodes mentioned in the x-axis. 

 

 

VI. RESULTS AND DISCUSSIONS 

 
Fig.5 Estimation of strain by BPA 

 

Fig. 6 Strain estimaion by RBF for different centers 

 

Fig.7 Performance comparison for estimation of strain data 

The results has presented a detailed analysis of the 
performance of the proposed ANN algorithms for 
estimating the strength of infilled frame struts. The 
effect of numer of nodes in estimating the strain for 
the infilled frame is presented. 

The algorithms are trained using 17 values 
in the input layer of the ANN topology and two 
values in the output layer: strain that is to be 
estimated during the testing stage of ANN 
algorithms. The number of nodes in the hidden layer 
for each algorithm varies depending upon the weight 
updating equations.  

• As the number of training patterns increase, 
the time taken  by BPA to converge also 
increases.  

• The optimum number of nodes in the hidden 
used for BPA is 2 nodes. As the number of 
nodes in the hidden layer increases, the 
accuracy of BPA for stress estimation and 
strain estimation reduces.  

• The optimum number of centers used for 
RBF in the hidden layer is 3. RBF does not 
require repeated learning of the strain 
patterns. In one iteration, the complete 
learning of the patterns presented in the 
input layer is achieved. RBF is best in 
estimating strain when compared to the 
performance evaluation of BPA. 
 

VII. CONCLUSIONS 

In this research work, ANSYS 14 software is used 
for analyzing the infill frames. A practical computer 
technique wherein each infil1 in a frame is replaced 
with an equivalent compression diagonal has been 
developed and tested for accuracy and reliability. 
Load deformation response characteristics of each 
infill in a frame are first determined using a finite 
element computer analysis. Results of this analysis 
are then used to develop the diagonal load 
deformation behavior of an equivalent diagonal brace 
which replaces the corresponding infill panel. In a 
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general analysis of a multi-panel structure, al1 panels 
are replaced by this method thus leading to a 
considerably simplified and economical technique. 
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Abstract—The standard practice in the field of summarization
is to have a standard reference summary based on the queries.
The summaries are manually generated by human experts.
The automated summaries are then compared with the human
generated summaries. In this paper a model which is useful
for query-focused multi-document summarization is proposed.
This model summarises documents of tagged data using cosine
relevance measurement mechanism. Tagging is achieved by using
the Stanford POS Tagger Package. We have used the concept
of rarity in addition to traditional raw term frequency for
assigning the weights to the features. In this work for a given
sentence out of all possible tag sequences best is derived by using
argmax computation. For evaluation DUC-2007 dataset is used.
The summaries generated by our technique are compared with
the stranded summaries provided by DUC 2007 using ROUGE
(Recall-Oriented Understudy for Gisting Evaluation). The perfor-
mance metrics used for compassion are Recall, Precision, F-score.

Keywords: Text summarization, query-based summaries,
sentence extraction.

I. INTRODUCTION
Summarizing the documents manually requires lots of ef-

forts and time and thus it is very difficult. A technique
is required where a computer program creates a shortened
version of a text while preserving the content of the source,
i.e., summarize document automatically. Automatic text sum-
marization is not new. Work in this area originated in the
1950s, when the first breakthroughs were achieved by Luhn
(1958). Despite this, most of the significant research in this
area has been carried out in the last few years. The goal
of automatic summarization is to take an information source,
extract content from it and provide the most important content
to the user in a condensed form, in a manner sensible to
user’s or application’s need, see (Mani, 2001) for details.
According to the function, a summary can be classified as
generic or user-oriented. Generic summary present the authors
viewpoint on the document. It considers all the information
in the document to create summary. On the other hand user-
oriented summary considers only that information which is
relevant to user query. Based on relationship that a summary
has to the source document, a summary can be either abstract
or extract [1,2]. An extract involve selection of sentences
or paragraphs from source document in the summary. On

the other hand abstract involve the identification of salient
concepts in the source document and rewrite them through
natural language generation.

Words are classified into categories called part-of-speech.
These are sometimes called word classes or lexical categories.
These lexical categories are usually defined by their syntactic
and morphological behaviours. The most common categories
are nouns and verbs. Other lexical categories include adjec-
tives, adverbs, prepositions and conjunctions. We have seen
that words may belong to more than one part-of-speech (POS)
category. A dictionary simple lists all possible grammatical
categories for a given word. It does not tell us which word
is used in which grammatical category in a given context.
Grammatical categories, as indicated by POS tags, are rough
indicators of meaning. For example ”I banked the check, Thus
bank if used as a noun indicates a financial establishment
that invests money deposited by customers whereas the same
word used as a verb may indicate activity to deposit money or
valuables in a bank. Shop as a noun refers to the store where
we go and buy things and same word when used as a verb
refers to the activity of going to a shop, buying things, paying
money etc. Thus knowing the grammatical category of word
in context is helpful in ultimately determining the meaning. In
this paper we uses POS based term to know that in general how
a term is relevant and appropriate when it occurs in a language.
This relevancy is checked with respect to POS Context.

In the process of summary generation the first major con-
stituent is corpus analysis. Brute force linear scan approach
of corpus analysis requires its own independent linear scan
of all documents in the corpus. Moreover for every query it
needs to repeat this linear scan of documents and would take
huge amount of time. Clearly it is impractical. Better solution
is somehow pre process the entire corpus in advance before
you see any query and a priory organize the information about
the occurrence of different words in the corpus in such a way
that query processing can be much faster. When query is pre-
sented by user for summarization of documents, it is possible
that query is not matched directly against the sentences of
document. Only the parts of the query would be presented in
document and sentences are retrieved. This is called problem
of data spar city. So query processing is concerned with
breaking the query into important parts, remove the suffixes
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and obtain the root words. In the next step index table is
constructed, terms which are meaningful called keywords or
features comes under the index table. Index table consist
of term frequency which is used to quantification of intra-
document contents (similarity). For quantification of inter-
document separation (dissimilarity) we use inverse-document
frequency which is also the measure of rarity of the term in the
collection. In the end, based on model sentence extraction from
source documents is performed. In case of Boolean model,
a set of sentences satisfying a Boolean query expression
extracted from the document and the relevance of sentence
with respect to query depends on how precisely Boolean query
is expressed. It works on set theory which doesn’t consider
term frequency because for multiple occurrences of words, set
theory only consider one term within set. In ranked retrieval
model, query is free text query. The user query is one or more
words in a human language where system returns an ordering
over the (top) sentences in the collection.

This paper is organized as follows. Literature review is
presented in Section 2. This chapter gives an account of
previous works done in the area of text summarization.
Chapter 3 and 4 discusses Part-of-Speech (POS) Tagging and
Structure for representing the document respectively in detail.
Description of the proposed work is given in Section 5. This
chapter provides the detail of system architecture. Section 6
is Evaluation Procedure and Results, provides the description
of tools used for evaluation and also gives the detail of
evaluation metrics used for evaluation purpose. This section
also provides the results obtained by the proposed methods.
The experimental result shows the accuracy of the methods
using precision, recall and F-score measures. Section 7 is the
conclusion.

II. RELATED WORK

Earliest research instances on summarization proposed
paradigms for extracting salient sentences from text using
features like word and phrase frequency, position on the text
and key phrases[1,2]. Understanding of contents, reformula-
tion and sentence-compression is done while abstraction [4,5]
where as the sentences of text are ranked and important ones
are picked-up in extraction[3,4]. Luhn states that the frequency
of a particular word in a given document provides degree of
its worth i.e. how much worthy the word is in the document.
As a first step document goes under the morphology analysis
i.e. words are stemmed to their root forms, and stop words
are deleted. Luhn then maintain a list of content words sorted
by decreasing frequency, the index providing a significance
measure of word.On a sentence level, a significance factor
was derived that echo the number of occurrences of significant
words within sentences, and the linear distance between them
because of intervention of non-significant words. All sentences
are ranked in order of their significance factor, and the
top ranking sentences are finally selected to form the auto-
summary.

Traditional information retrieval (IR) and its application like
text summarization and text categorization techniques uses

extensional vectorial representation [5,6], in which the original
text is represented in the form of a numerical matrix. Matrix
columns correspond to text sentences, and each sentence
is represented in the form of a vector in the term space.
These sentences may be compared based on various similarity
measurement techniques. Christina Lioma[7] proposes a new
type of term weight that is computed from part of speech
(POS) n-gram statistics. The proposed POS-based term weight
represents how informative a term is in general, based on the
POS contexts in which it generally occurs in language. Latent
Semantic Analysis (LSA) [8] and Singular Value Decomposi-
tion (SVD) [9] are used to find the generic summary of the
text. LSA or SVD is applied to the matrix obtained to construct
sentences representation in the topic space. The dimensionality
of the topic space is much less than the dimensionality of the
initial term space. The choice of the most important sentences
is carried out on the basis of sentences representation in the
topic space.

III. PART OF SPEECH (POS) TAGGING

Part of Speech Based Feature may improve the quality
of summary. Various techniques for part of speech based
term tagging based on Hidden Markov Model is discussed
in[10,11,12]. Part of speech is a process that attaches each
word in a sentence with a suitable tag from a given set of
tags. The set of tags is called Tag-Set. In ”People Jump high”
for each word we have all possible tags(In our example three
tags in Tag-Set). Many problems in AI fall into the class that
is predict ”Hidden” from ”observed”. In our case observations
are words of given sentence and states are Tags.For each word
we have a level with all possible tags and we want to find out
best possible tag sequences T ∗. Therefore whole graph is to
be traversed for the best possible path from ”” to ”.” which
is based on argmax computation.Now

ti = A particular Tag
T = Tag sequence
wi = A particular word
W = word sequence

W: w1 w2 w3 ...........wn
T: t1 t2 t3 ............tn

For given word sequence W and Tag sequence T if we
place Tags corresponding to given word sequence, T* is best
possible Tag sequence and our goal is maximize P (T∗ | W )
by choosing best T. Out of all possible Tag sequences best is
derived by argmax computation. When we apply argmax on
all possible Tag sequences with given word sequence it gives
best possible Tag sequence T*. So best possible Tag sequence

T* = argmax P (T |W )
Where P (T |W ) = P (T1..n|W1..n)

P (T | W ) = P (T1|W ) . P (T2|T1W ) . P (T3|T2T1W )
.......P (Tn|T1..n−1W )
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By markov assumption for order one process a state only
depends on previous state, hence

P (T | W ) = P (T1|W ) . P (T2|T1W ) . P (T3|T2W )
.......P (Tn|Tn−1W )

But these values cannot be computed easily because they
are not available and it is difficult to find out these values.

argmax P (T | W ) = argmax {P(T) P (W | T ) / P(W)}
Baye’s theorem

Here P(W) is ignored because it is independent of T. Hence
along with morkov assumption, baye’s theorem is invoked
which is very power full tool for problem solving in statistical
AI(machine learning, NLP, Planning etc.).

argmax P (T |W ) = argmax {P(T) P (W | T )}

Now we introduce the Tags to and tn+1 as initial and final
Tags respectively. Initial Tag is t0 with probability one i.e,
P (t0)=1 and after tn the next Tag is tn+1 with probability
one i.e, P (tn+1|tn) =1. And w0 is ε transition.

W: ε w1 w2 w3 ...........wn
T: t0 t1 t2 t3 ............tn tn+1

In above equation P(T) is Prior Probability, It acts as a nice
filter to eliminate bad possibilities. P(T) is representation for
highly likely Tag sequence as learned from the corpora. It help
us to isolate bad Tag sequences and give weight to good Tag
sequences.

P(T) = P (t0 = ∧t1t2......tntn+1 = .)

P(T)= P (t0) P (t1|t0) P (t2|t1t0) ........ P (tn|tn−1tn−2....t0)
P (tn+1|tntn−1...t0)

By markov assumption for order one process(Bigram prob-
ability) that is a Tag only depends on previous Tag

P(T)=P (t0) P (t1|t0) P (t2|t1) ........ P (tn|tn−1) P (tn+1|tn)

P(T)= Πn+1
i=1 P (ti|ti−1)

And P (W | T ) is likelihood probability of the word
sequence for given Tag sequence T.

P (W | T ) = P (w0|t0....tn+1) P (w1|w0t0....tn+1)
P (w2|w1w0t0....tn+1)........P (wn|w0...wn−1t0....tn−1)

Lexical probability assumption that is word selection de-
pends only on Tag chosen, hence

P (W | T ) = P (w0|t0) P (w1|t1) P (w2|t2)........P (wn|tn)
P (wn+1|tn+1)

P (W | T ) = Πn+1
i=0 P (wi | ti)

Now T ∗= [P (w0|t0) P (t1|t0)] [P (w1|t1) P (t2|t1)] ..........
[P (wn|tn) P (tn+1|tn)] [P (wn+1|tn+1)]

T ∗ = Πn+1
i=0 P (ti|ti−1) P (wi | ti)

where P (ti|ti−1) is Bigram probability
and P (wi|ti) is Lexical probability
and P (wi|ti)=1 for i=0 {sentence beginner∧} and i=n+1
{full stop .}.

IV. DOCUMENT AND QUERY AS VECTOR

In v dimensional space, documents and query are presented
by vectors where terms are axis of this space. Our aim is to
rank documents according to their proximity to the query in
this space. Here proximity means similarity and proximity
(Similarity) between the vectors is equivalence to inverse of
distance. Here distance is angle between the vectors of query
and document. Angle between two vectors −→a and

−→
b is given

by:

−→a .
−→
b = |a||b|cosθ

Now take a document d and append it to itself and call this
document d

′
. Semantically d and d

′
have the same content

but in weighted matrix each term of d
′

has double weight as
compared to d.In vector space angle between document d and
d

′
is zero. And when we want to compare this documents d

and d
′

with query q: angle between q and d and also between
q and d

′
is same. If two documents have same proportion of

words whether they are longer or shorter, have identical vectors
after length normalization. A vector can be length normalized
by dividing each of its components by its length for this we
use L2 norm:

‖−→x ‖2 =
√∑

xi2

‖
−→
d ‖2 =

√
x12 + y12 + z12

‖
−→
d′‖2 =

√
4x1

2 + 4y1
2 + 4z1

2

Dividing a vector by its L2 norm makes it a unit vector.
Now

−→
d

‖
−→
d ‖2

= X1√
X1

2+Y1
2+Z1

2
î + y1√

X1
2+Y1

2+Z1
2
ĵ +

Z1√
X1

2+Y1
2+Z1

2
k̂

−→
d′

‖
−→
d′‖2

= 2X1

2
√
X1

2+Y1
2+Z1

2
î + y1

2
√
X1

2+Y1
2+Z1

2
ĵ +

Z1

2
√
X1

2+Y1
2+Z1

2
k̂

−→
d

‖
−→
d ‖2

=
−→
d′

‖
−→
d′‖2

normalized vectors
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Length(
−→
d

‖
−→
d ‖2

) = X1
2

X1
2+Y1

2+Z1
2 + Y1

2

X1
2+Y1

2+Z1
2 +

Z1
2

X1
2+Y1

2+Z1
2 = 1 unit vector

After converting the document in its unit vector we can
calculate the angle between the query and document. Actually
we are interested in finding the distance between query vector
and normalized document vector. Angle between two vectors
−→a and

−→
b is given by

−→a .
−→
b = |a||b|cosθ

if −→a and
−→
b are normalized then

−→a .
−→
b = cosθ

Now angle between Query vectors −→q and Document vector−→
d where −→q and

−→
d are normalized unit vectors, is given by

cos(−→q .
−→
d ) = −→q .

−→
d

V. PROPOSED MODEL

We propose a model which is useful for query-focused
multi-document summarization. This model summarizes doc-
uments using the Relevance Measurement Mechanism. The
metric used for relevance is, tf*ipf, where tf stands for term
frequency and ipf stands for inverse Para frequency. We
include Inverse Paragraph frequency as a rarity measure of
each term. This rarity is a metric to identify the importance of
the term. It works based on the assumption that a word which
is rarer, should have more importance, and hence more weight
age in the score calculation. The proposed methods needs the
proximity of documents and query, and provide a normalize
weight to each document associated with a single query and
later uses this weight to rank sentences of each document.
Our method takes advantage of the fact that the more closely
the document with query, the likelihood of its sentences close
to query is higher. This method works on tagged data for
better and more accurate summarization. Tagging is achieved
by using the Stanford POS Tagger Package. A POS tagger
is a piece of software that reads text in some language and
assigns parts of speech to each word (and other token), such as
noun, verb, adjective, etc. The architecture and implementation
of the proposed system is based on retrieving information
from multiples document and form a summary. The complete
operational process can be described in following phases
where initially the multiple text documents and query is given
as the input.

i) Document pre-processing
ii) Part-of-speech tagging

iii) Document presentation using paragraph segmentation
iv) Matrix formulation and normalization using tf-ipf

weighting scheme
v) Sentence Scoring

(i) Document pre-processing
This phase is for both the query and documents. First of all,

the topics file which contains topic or query for each set of
documents is read. After fetching the query and the document,
these documents are passed through a pre-processor where
stop-words and special symbols like punctuation marks are
removed to process them into standard text file format. After
this, the pre processed files are passed through a tagger to tag
all parts of speech. Such a tagged file keeps track of all words,
as well as their forms of speech.

(ii) Sentence POS Tagging
This is speech identification phase. Part of speech tags give

concerning information about the role of a word in its lexicon.
It may also provide information about the verbalization of
a word. POS tags are a valuable part of a language pro-
cessing tasks; they provide favourable information to other
components such as a parser or a named-entity recognizer.
Most of the POS tagging is done by Brills transformation
based learning which take unidirectional approach. Here for
tagging unidirectional approach is used. New tag (t0) is
figured considering the previous tag (t−1), for finding tag (t1),
tag (t0) is considered; this is done in backward direction. Each
sentence POS tagging is performed using Stanford POS tagger
[13].

For sequences of word in sentence w1, w2, w3, ...., wn a
sequence of tags t1, t2, t3, ...., tn are assigned respectively
based on Peen Treebank tag dictionary.

Event Sub sentence is generated with word wi and its
corresponding tag ti
S[(w1, t1), (w2, t2)....(wi, ti)]

POS Tagging Algorithm-

i) Initialize an object of MaxentTagger giving the
corpus to be used as the argument.

ii) Read the file to be tagged.
iii) Create a new file called out.txt to store the tagged

text.
iv) Split the text read into paragraphs.

para=untagged.split();
v) Loop through all paragraphs. for i=1 to n do

tagged=tagString(para[i]) out.append(tagged) end

(iii) Document presentation using paragraph segmenta-
tion

After the raw files are prepared, these are passed through
a structuring phase, where all the files are structured into
one unique term verses paragraph matrix. Each document Dm
consist of different paragraphs named as p1, p2, ...., pn where
each paragraph is collection of m unique terms t1, t2, t3, ...tm.

Q = (t1, t2, t3...tm) is set of unique terms.
D = (D1, D2, D3...Dn) is set of documents associated with

query.
S = ((p1,1, p2,1, ..., pj,1)), (p1,2, p2,2, ..., pk,2), ..., (p1,n, p2,n, ..., pl,n))

is the set of sets, and each set is the paragraph collection per
document that is, sl, n is the lst paragraph of document n.
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(iv) Matrix formulation and normalization using tf-ipf
weighting scheme

In vector model each document and query is represented
by a weighted vector in dimensions of terms. Terms which
are meaningful comes under the index table and form a
term-document weighted matrix. Two types of weights are
incorporated for each term which are:

i) Local term weighting (Log-frequency weighting): It
measures the importance of a term within a document.
A document or zone that mentions a query term more
often has more to do with that query. Therefore weight
of index term should consider term frequency. Number
of occurrence of term within document is known
as raw term frequency, but it is not what we want
because relevance does not increase proportionally
with raw term frequency. One well-studied technique
is use log-frequency weighting. We can compute a
log-frequency weight for each term t in document d by

w(t,d) =

{
1 + log10tf(t,d) iftf(t,d) > 0,

0 Otherwise

ii) Global term weighting (inverse sentence frequency):
Raw term frequency as above suffers from a critical
problem: all terms are considered equally important
when it comes to assessing relevancy on a query. It does
not consider the rarity of the term. Rarity of the term
is also important because rare terms in a collection are
more informative than frequent terms.
So we need a measurement for rarity of the term
within the collection.Collection may be a collection
of all documents or all paragraphs or all sentences
of corpus. In field of Information retrieval where we
have large number of document in corpus, Document
frequency is inverse measure of the informativeness of
term within the document collection. But in case of text
summarization where numbers of documents are limited
and are very less in number, inverse sentence frequency
is better measurement to check the rarity of the terms.
The sentence frequency sft, defined to be the number
of documents in the collection that contain a term t. If
N is total number of sentences in documents collection
then sft ≤ N . We define the inverse sentence frequency
(isf) of t by

isft = log10(N/sft)

We use log10(N/sft) instead of N/sft to ”dampen”
the effect of isf. Inverse sentence frequency proves
that ”Rare words are more informative as compared to
frequent words”.

(v) Sentence Scoring
After both the data and the query have been structured,
they are passed through a similarity calculation phase,
where dot product of each paragraph with the query
is calculated. This product indicates the score of each

paragraph. Finally, a given threshold of paragraphs is
fetched according to their scores, arranged in descending
order. This combination of paragraphs results in our final
summary.

VI. EVALUATION PROCEDURE AND RESULTS

(i) Test Dataset: For evaluation DUC-2007 dataset is used
and it is available through [14] on request. There are 45 topics
in the dataset and for each topic a set of 25 relevant documents
are given. Each DUC topic comprises of four part; document
set number, title of topic, narration and the list of document
associated with topic. In this paper, the narration part of topic
is used to frame the query. Table 1 shows the description of
DUC-2007 dataset.

TABLE I: Dataset description

Dataset description DUC-2007 dataset
Number of topics 45

Number of collections 45
Number of documents per collections 25
Total number of documents in dataset 45 ∗ 25

Summary Length 250 words

(ii) Evaluation Metrics: The standard practice in the field
of summarization is to have a standard reference summary
based on the queries. The summaries are manually gener-
ated by human experts. The automated summaries are then
compared with the human generated summaries. Evaluation
results are normally obtained by the ROUGE (Recall-Oriented
Understudy for Gisting Evaluation). It is a summary evaluation
package for judging the performance of the summarization
system. The ROUGE summary evaluation package is written
in Perl and it is available through [15].To evaluate the accuracy
and relevance of the automated summary with respect to the
expert summaries, three metrics are used :

i) Recall
ii) Precision

iii) F-score
F-measure is a measure of a system’s summary accuracy. It
considers both the precision p and the recall r of the system’s
summary to compute the score. Precision reflects how many
of the system’s extracted sentences are relevant, and Recall
reflects how many relevant sentences the system missed.

Given an input text, a expert’s summary, and a automated
summary, these scores inform us by quantifying that how
closely the system’s summary corresponds to the human one.
For each unit, we let correct = the number of sentences
extracted by the system and the human; wrong = the number
of sentences extracted by the system but not by the human;
and missed = the number of sentences extracted by the human
but not by the system. Then
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Precision = correct/(correct+ wrong)

Recall = correct/(correct+missed)

F − Score = (1+β2)Recall∗Precision
Recall+β2Preicision

Where, Fβ ”measures the effectiveness of system’s summary
with respect to a user who attaches β times as much
importance to recall as precision”.

(iii) Evaluation Procedure: On each document this method
is performed and for tagging Stanford tagger is used. Using
the scoring scheme we found that most important sentences
are at the top most of the time. Here we rely on the results
of part-ofspeech tagger. The standard practice in the field
of summarization is to have a standard reference summary
based on the queries. The summaries are manually gener-
ated by human experts. The automated summaries are then
compared with the human generated summaries. Evaluation
results are normally obtained by the ROUGE (Recall-Oriented
Understudy for Gisting Evaluation). It is a summary evaluation
package for judging the performance of the summarization
system.
The automated summaries are compared with the available
reference summaries and evaluation results are obtained by the
ROUGE (Recall-Oriented Understudy for Gisting Evaluation)
summary evaluation package for judging the performance
of the summarization system. To compute ROUGE-Scores,
ROUGE-1.5.5 will be run with the following parameters :
ROUGE-1.5.5.pl -n 4 -2 -1 -U -c 95 -r 1000 -f A -p0.5 -t 0
-s settings.xml
Where, settings.xml is a xml file for specifying system sum-
maries and corresponding reference summaries locations.

TABLE II: Results using Average model scoring formula for
untagged corpus

Evaluation Method Average R Average P Average F
ROUGE-1 0.31558 0.38584 0.32977
ROUGE-2 0.07226 0.08086 0.06924
ROUGE-3 0.02354 0.02481 0.02105
ROUGE-4 0.01161 0.01188 0.00998
ROUGE-L 0.28854 0.35203 0.30069

ROUGE-W-1.2 0.08427 0.19030 0.10961
ROUGE-S* 0.10840 0.15389 0.10696

ROUGE-SU* 0.10676 0.15136 0.10504

TABLE III: Results using Average model scoring formula for
tagged corpus

Evaluation Method Average R Average P Average F
ROUGE-1 0.30193 0.40529 0.34105
ROUGE-2 0.06460 0.08716 0.07321
ROUGE-3 0.02070 0.02857 0.02372
ROUGE-4 0.00982 0.01388 0.01137
ROUGE-L 0.27432 0.36959 0.31045

ROUGE-W-1.2 0.08040 0.20178 0.11362
ROUGE-S* 0.09191 0.16427 0.11207

ROUGE-SU* 0.09024 0.16158 0.11006

TABLE IV: Results using Best model scoring formula for
untagged corpus

Evaluation Method Average R Average P Average F
ROUGE-1 0.34963 0.42061 0.36337
ROUGE-2 0.09591 0.11115 0.09452
ROUGE-3 0.04022 0.04576 0.03847
ROUGE-4 0.02406 0.02689 0.02257
ROUGE-L 0.32016 0.38687 0.33304

ROUGE-W-1.2 0.09450 0.21379 0.12298
ROUGE-S* 0.12546 0.17533 0.12404

ROUGE-SU* 0.12727 0.17793 0.12610

TABLE V: Results using Best model scoring formula for
tagged corpus

Evaluation Method Average R Average P Average F
ROUGE-1 0.33409 0.43803 0.37278
ROUGE-2 0.08903 0.12100 0.10131
ROUGE-3 0.03761 0.05316 0.04351
ROUGE-4 0.02159 0.03119 0.02518
ROUGE-L 0.30401 0.40317 0.34097

ROUGE-W-1.2 0.09043 0.22214 0.12659
ROUGE-S* 0.10878 0.18927 0.13037

ROUGE-SU* 0.11060 0.19065 0.13215

VII. CONCLUSION

The paper described the model for extracting paragraphs
from POS based tagged corpora using cosine similarity mea-
surement mechanism. Initial investigation shows that applying
cosine similarity on tagged or untagged corpora the results
are more or less same with marginal difference. As in case
of untagged corpora the result(F-Score) is 0.36337 and with
tagged corpora result(F-Score) is 0.37278. In future we will
focus on developing some other similarity based measurements
that will support the POS based features for enhancing the
performance of text summarization.
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Abstract-This paper presents combination of wavelet 

with radial basis function (RBF) in identifying the 

microcalcification (MC) in a mammogram image. 

Mammogram image is decomposed using Coiflet 

wavelet to 5 levels. Statistical features are extracted 

from the wavelet coefficients. These features are used as 

inputs to the RBF neural network along with a labeling 

of presence or absence of MC. The classification 

performance of RBF is minimum 95% out of the 

presence of total MC in a given mammogram. 

Keywords: mammogram , Microcalcification, Radial basis 

function, Coiflet wavelet 

I. INTRODUCTION 

Ultrasound (US) is a useful diagnostic tool to 
distinguish benign [Veldkamp, et al, 2000] from 
malignant[Ackerman et al, 1973, Jiang et al, 1996] 
masses of the breast. It is a very convenient and safe 
diagnostic method. However, there is a considerable 
overlap of benignancy and malignancy in ultrasonic 
images and interpretation is subjective. Mammogram 
imaging [Bovis,et al,2000, Leichter et al, 2000] is 
ideal and indispensable for women older than 40 
years, for whom the risk of breast cancer is increased. 
Most breast disorders are not cancer, and even in the 
remaining number of cancer cases, more than 90% 
are curable, if detected early and promptly treated. 

Mammograms[Dhawan et al, 1996, Cheng et al, 
2003, Sampat, et al, 2005] are not 100% accurate, 
scheduling a regular mammogram represents the best 
radiological way to find breast changes early before 
there are any obvious signs or symptoms of cancer. 

II. LITERATURE SURVEY 

Dehghan and Abrishami, 2008 present a 
computer-aided diagnosis (CAD) system for 
automatic detection of clustered MCs in digitized 
mammograms. The method is applied to a database 
of 40 mammograms (Nijmegen database) containing 
105 clusters of MCs.  

Madabhushi and Metaxas, 2003, present a 
technique to automatically find lesion margins in 
ultrasound images, by combining intensity and 
texture with empirical domain specific knowledge 
along with directional gradient and a deformable 
shape-based model. The images are first filtered to 
remove speckle noise and then contrast enhanced to 
emphasize the tumor regions. Probabilistic 
classification of image pixels based on intensity and 
texture is followed by region growing using the 
automatically determined seed point to obtain an 
initial segmentation of the lesion.. 

Chang et al., 2005, stated that the tumors are 
segmented using the newly developed level set 
method at first and then six morphologic features are 
used to distinguish the benign and malignant cases. 
The support vector machine (SVM) is used to 
classify the tumors. There are 210 ultrasonic images 
of pathologically proven benign breast tumors from 
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120 patients and carcinomas from 90 patients in the 
ultrasonic image database. 

O'Neill and Penm, 2007, have used subset 
polynomial neural network techniques in conjunction 
with fine needle aspiration cytology to undertake this 
difficult task of predicting breast cancer. 

Liao, et al. 2011, established a set of features for 
differentiating benign from malignant breast lesions 
US images. Two types of features (sonographic and 
textural features) are considered. Among them, three 
sonographic features are novel. Sonograms of 321 
pathologically proven breast cases are analyzed and 
classified into benign and malignant categories. The 
discrimination capability of the extracted features are 
evaluated using the support vector machines (SVM) 
in comparison with the results obtained from artificial 
neural networks (ANN) and K-nearest neighbor 
(KNN) classifier.. 

Chunekar and Ambulgekar, 2009, highlights on 
different neural network approaches to solve breast 
cancer problem. They emphasized on the use of 
Jordan Elman neural network approach on three 
different database of breast cancer.  

Mahjabeen and Monika, 2012, studied various 
techniques used for the diagnosis of breast cancer. It 
was found that the combination of Artificial Neural 
Networks in most of the instances gives accurate 
results for the diagnosis of breast cancer and their use 
can also be extended to other diseases. 

III. MATERIALS AND METHODOLOGY 

A. MIAS DATABASE 
Table  1 MIAS image details 

Image 
number 

Appearan
ce  

Conditio
n 

B/ 
M 

X, Y Radius 
of 
pixels 

Mdb045 Fatty-
glandular 

Normal       

Mdb046 Fatty-
glandular 

Normal       

Mdb047 Fatty-
glandular 

Normal       

Mdb049 Fatty-
glandular 

Normal       

Mdb050 Fatty-
glandular 

Normal       

Mdb051 Fatty-
glandular 

Normal       

Mdb053 Dense-
glandular 

Normal       

Mdb054 Dense-
glandular 

Normal       

Mdb055 Fatty-
glandular 

Normal       

Mdb169 Dense-
glandular 

Normal       

Mdb209 Fatty- Calcificat M 647, 87 

glandular ion 503 

Mdb210 Fatty-
glandular 

Normal       

Mdb211 Fatty-
glandular 

Calcificat
ion 

M 680, 
327 

13 
 
 
 
 
 

Mdb213 Fatty-
glandular 

Calcificat
ion 

M 547,
520 

45 

Mdb214 Fatty-
glandular 

Calcificat
ion 

B 582,
916 

11 

Mdb215 Dense-
glandular 

Normal       

Mdb216 Dense-
glandular 

Calcificat
ion 

M 480,
794 

60 

Mdb219 Fatty-
glandular 

Calcificat
ion 

B 546, 
756 

29 

Mdb221 Dense-
glandular 

Normal       

Mdb222 Dense-
glandular 

Calcificat
ion 

B 398,
427 

17 

Mdb223 Dense-
glandular 

Calcificat
ion 

B 591,
529 

6 

Mdb224 Dense-
glandular 

Normal       

Mdb226 Dense-
glandular 

Calcificat
ion 

B 287, 
610 

7 

Mdb227 Fatty-
glandular 

Calcificat
ion 

B 504, 
467 

9 

Mdb233 Fatty-
glandular 

Calcificat
ion 

M 630,
270 

83 

Mdb237 Fatty  Normal       

Mdb238 Fatty  Calcificat
ion 

M 522,
553 

17 

Mdb239 Dense-
glandular 

Calcificat
ion 

M 567,
808 

25 

Mdb240 Dense-
glandular 

Calcificat
ion 

B 643,
614 

23 

Mdb241 Dense-
glandular 

Calcificat
ion 

M 453,
678 

38 

Mdb242 Dense-
glandular 

Normal       

Mdb245 Fatty  Calcificat
ion 

M 625,
197 

89 

Mdb246 Fatty  Normal       

Mdb247 Fatty  Normal       

Mdb248 Fatty  Calcificat
ion 

B 378,
601 

10 

Mdb249 Dense-
glandular 

Calcificat
ion 

M 575,
639 

64 

Mdb250 Dense-
glandular 

Normal       

Mdb252 Fatty  Calcificat
ion 

B 439, 
367 

23 

Mdb253 Dense-
glandular 

Calcificat
ion 

M 733,
564 

28 

Mdb322 Dense-
glandular 

Normal       
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B.WAVELET FEATURES EXTRACTION 

Wavelet [Wang and Karayiannis, 1998, 
Jamarani et al, 2005] decomposition is introduced as 
the main method for feature generation. The Wavelet 
[Strickland and Hahn, 1996] coefficients are divided 
into low (L) frequency approximation coefficients 
and high (H) frequency detail-coefficients. The high 
frequency coefficients are further divided into detail 
sub-bands: vertical (LH), horizontal (HL), and 
diagonal (HH) coefficients. The low frequency (LL) 
approximation-coefficients provide a reduced 
resolution representation of the original image which 
can be transformed again according to the wavelet 
level applied. Applying wavelet decomposition to an 
image will produce an approximation matrix that is a 
quarter of the original area of an image. 

 
Fig.1 Feature extraction using Wavelet 

 

The features are obtained from the Approximation 
and Details of the 5th level by using the following 
equations 

V1=1/d ∑ (Approximation details) 

Where d = Intensity values and  

V1 = Mean value of approximation 

V2=1/d ∑ (Approximation or details –V1))     

Where V2=Standard Deviation of approximation 

V3=maximum (Approximation or details)  

V4=minimum (Approximation or details) 

V5=norm (Approximation or Details)2 

Where V5 = Energy value of frequency 

The flow of Feature extraction using Wavelet is 
shown in Figure 1. Mammogram image is given as 
input to the system and level 1 to level 5 
decompositions take place. Initially, Approximation, 
horizontal, vertical and diagonal matrices are 
obtained from the original image. Each matrix is ¼ th 
size of the input image. In the level two and 
subsequent levels, Approximation matrix of the 
previous levels are used for subsequent 
decompositions.  

 
TABLE  2 MAMMOGRAM AND ITS FEATURES

IMAGE Five level decomposition 
Each plot , x-label represents five 
levels of decomposiiton and y-label 
represents coefficients 
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C RADIAL BASIS FUNCTION (RBF) 

An RBF [Tsujii, et al, 1999] neural network 
consists of an input and output layer of nodes and a 
single hidden layer. Each node in the hidden layer 
implements a basis function G(xxi) and the number of 
hidden nodes is equal to the number of data points in 
the training database. Radial basis function is a 
supervised neural network[Gholamali and Jamarani, 
2005, Papadopoulos et al, 2005].  

Training RBF is done as follows, 
Step 1: Finding distance between training 

pattern and centers. 
Step 2: Creating an RBF matrix whose size 

will be (np X cp), where np = number of 
roughness patterns (100 patterns X number of 
mammogram) used for training and cp is number 
of centers which is equal to 100. The number of 
centers chosen should make the RBF network 
learn the maximum number of training patterns 
under consideration.  

Step 3: Calculate final weights which are 
inverse of RBF matrix multiplied with Target 
values. 
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Step 4: During testing the performance of the 
RBF network, RBF values are formed from the 
features obtained from the image and processed 
with the final weights obtained during training. 
Based on the result obtained, the image is 
classified to have MC or no MC. 

Testing RBF 

Step 1:.Read the features 

Step 2: Read the final weights 

Step 3 Calculate. 

          Numerals = F * E  

Step 4: Check the output with the MC template. 

 

IV. RESULTS AND DISCUSSIONS 

Figure 1 shows original mammogram of a breast. 

Figures 2-6 show decomposed images. In each 

image, the approximation, horizontal, vertical and 

diagonal have been combined and displayed. 

 

Fig. 1 Original mammogram image 

Figure 2 shows the default view of wavelet 
decomposition with the features extracted from the 
top left corner, which is the low frequency image 
from the second level of decomposition. Figures 3-6 
show all the images from each level separately and at 
the same size. This provides a better view of the 
differences between levels of decomposition 
especially when looking at the low frequency image 
that produces the approximation coefficients for 
generated features. 

 

Fig. 2 Level-1 decomposition 
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Fig. 3 Level-2 decomposition 

 

Fig. 4 Level-3 decomposition 
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Fig. 5 Level-4 decomposition 
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Fig.6 Level-5 decomposition 

Figures 7-10 show coefficients of all levels for 
approximaiton, Horizontal, Vertical and Diagonal.  
These coefficients are used as inputs for equations 1-
5 for generating patterns. These patterns are used for 
training the RBF network. 
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Fig. 7 Approximation at all five levels of decomposition 
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Fig. 8 Horizontal at all five levels of decomposition 
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Fig. 9 Vertical at all five levels of decomposition 

 

0 100 200 300 400 500 600 700 800
-100

-50

0

50

100

Levels  1-5

C
oe

ff
ic

ie
nt

s

 

 

Maximum
Minimum

 

Fig. 10 Diagonal at all five levels of decomposition 

 

Fig.11 Presence of MC at the center 

Training and testing the RBF 

Training patterns were formed from sample 
mammogram under consideration. One hundred 
patterns were used for training the RBF. The number 
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of input features used is 5 in the input layer of RBF 
ANN and the number of targets used is 1 in the 
output layer of ANN.  

V. CONCLUSIONS 

In this paper, Wavelets, radial basis function 
algorithm, and their combinations have been used on 
mammographic image analysis (MIAS) mammogram 
database. Radial basis function learns the patterns 
with one iteration. The performance of the RBF in 
identifying the MC depends upon the number centers 
used for training the RBF. 
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Abstract: Intrusion detection is one of core technologies 
of computer security. It is required to protect the 
security of computer network systems. Due to the 
expansion of high-speed Internet access, the need for 
secure and reliable networks has become more critical. 
The sophistication of network attacks, as well as their 
severity, has also increased recently. This paper focuses 
on two classification types: a single class (normal, or 
attack), and a multi class (normal, DoS, PRB, R2L, 
U2R), where the category of attack is detected by the 
combination of Back Propagation neural network 
(BPA) and radial basis function (RBF) Neural 
Networks. Most of existing IDs use all features in the 
network packet to look for known intrusive patterns. A 
well-defined feature extraction algorithm makes the 
classification process more effective and efficient. The 
Feature extraction step aims at representing patterns in 
a feature space where the attack patterns are attained. 
In this paper, a combination of BPA neural network 
along with RBF networks are used s for detecting 
intrusions. Tests are done on KDD-99 data set. 
 

Keywords: network intrusion detection, kdd-99 datasets, 
BPARABF neural networks 

[I]. INTRODUCTION 

With the tremendous growth of network-based 
services and sensitive information on networks, 
network security is getting more and more 
importance than ever. Intrusion [Alireza Osareh and 
Bita Shadgar, 2008] poses a serious security risk in a 
network environment. Intrusions [Asmaa Shaker 
Ashoor and Sharad Gore, 2011] are in many forms: 
attackers accessing a system through the Internet or 
insider attackers; authorized users attempting to gain 
and misuse non-authorized privileges. Intrusions are 

any set of actions that threaten the integrity, 
availability, or confidentiality of a network resource. 
Intrusion detection [Tich Phuoc Tran, et al, 2009] is 
the process of monitoring the events occurring in a 
computer system or network [Aida O. Ali, et al, 
2010] and analyzing them for signs of intrusions.  
 

Classification of Attack Detection 

Attack/Invasion detection: It tries to detect 
unauthorized access by outsiders. 
Misuse Detection: It tries to detect misuse by 
insiders, e.g., users who try to access services on the 
internet by passing security directives. Misuse 
detection uses a prior knowledge on intrusions and 
tries to detect attacks based on specific patterns of 
known attacks. 
Anomaly Detection: It tries to detect abnormal states 
within a network. 
Host Intrusion Detection System (HIDS): The 
HIDS works on information available on a system. It 
easily detects attacks by insiders as modification of 
files, illegal access to files and installation of Trojans.  
Network Intrusion Detection System (NIDS): 
NIDS works on information provided by the network 
[Bahrololum, et al, 2009] mainly packets sniffed 
from the network layer. It uses protocol decoding, 
heuristical analysis and statistical anomaly analysis. 
NIDS detects DoS [Samaneh Rastegari, et al, 2009] 
with buffer overflow attacks, invalid packets, attacks 
on application layer and spoofing attacks. 
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[II]. RELATED WORKS 

Zhang, et al, 2005, proposed a hierarchical IDS 
frameworks using RBF to detect both anomaly and 
misuse detection. A serial hierarchical IDS identifies 
misuse detection accurately and identifies anomaly 
detection adaptively. The purpose of parallel 
hierarchical IDS is to improve the performance of 
serial hierarchical IDS. Both the systems train 
themselves for new types of attacks automatically 
and detect intrusions real-time. 

Meera Gandhi et al, 2009, propose a Polynomial 
Discriminant Radial Basis Function (PRBF) for 
intrusion detection to achieve robustness and 
flexibility. Based on several models with different 
measures, PRBF makes the final decision of whether 
current behavior is abnormal or not. Experimental 
results with some real KDD data show that the 
proposed fusion produces a viable intrusion detection 
system. 

Ray-I Chang et al., 2007 proposed a learning 
methodology towards developing a novel intrusion 
detection system (IDS) by BPN with sample-query 
and attribute-query. The proposed method is tested 
by a benchmark intrusion dataset to verify its 
feasibility and effectiveness. Results showed that 
choosing attributes and samples will not only have 
impact on the performance, but also on the overall 
execution efficiency.  

Ahmed Fares, et al., 2011, proposed two 
engines to identify intrusion, the first engine is the 
back propagation neural network intrusion detection 
system (BPNNIDS) and the second engine is the 
RBF neural network intrusion detection system and 
classify the attacks as two classification types: a 
single class (normal, or attack), and a multi class 
(normal, DoS, PRB, R2L, U2R). The model is tested 
against traditional and other machine learning 
algorithms using a common dataset: the DARPA 98 
KDD99 benchmark dataset from International 
Knowledge  
 

[III]. MATERIALS AND METHODOLOGIES 

A. KDD CUP 1999 DATASET DESCRIPTION 

The KDD Cup 1999 dataset has been used for the 
evaluation of anomaly detection methods. The KDD 
Cup 1999 contains 41 features and is labeled as either 
normal or an attack, with exactly one specific attack 
type.  
Data Collection: KDD Cup 1999 dataset has the 
different types of attacks: back, buffer_overflow, 
ftp_write, guess_passwd, imap, ipsweep, land, 
loadmodule, multihop, neptune, nmap, normal, perl, 

phf, pod, portsweep, rootkit, satan, smurf, spy, 
teardrop, warezclient, warezmaster. These attacks can 
be divided into 4 groups. 
 
The Table 1 show the list of attacks in category wise: 
Table 1 List of attacks  

 

 

Table 2 Sample KDD data 
S.

No.
KDD patterns 

1 0,udp,private,SF,105,146,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,1,0.0
0,0.00,0.00,0.00, 
1.00,0.00,0.00,255,254,1.00,0.01,0.00,0.00,0.00,0.00,0.00,0.0
0,normal. 

2 0,udp,private,SF,105,146,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,1,0.0
0,0.00,0.00,0.00, 
1.00,0.00,0.00,255,254,1.00,0.01,0.00,0.00,0.00,0.00,0.00,0.0
0,normal. 

3 0,udp,private,SF,105,146,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,1,0.0
0,0.00,0.00,0.00, 
1.00,0.00,0.00,255,254,1.00,0.01,0.00,0.00,0.00,0.00,0.00,0.0
0,normal. 

4 0,udp,private,SF,105,146,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,2,2,0.0
0,0.00,0.00,0.00, 
1.00,0.00,0.00,255,254,1.00,0.01,0.00,0.00,0.00,0.00,0.00,0.0
0,snmpgetattack. 

5 0,udp,private,SF,105,146,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,2,2,0.0
0,0.00,0.00,0.00, 
1.00,0.00,0.00,255,254,1.00,0.01,0.01,0.00,0.00,0.00,0.00,0.0
0,snmpgetattack. 

 

B. Neural Network IDS  

Two ANN networks are used: BPA and the RBF 
network. 

Back Propagation neural network (BPNN) 

The BPNN [Reyadh Shaker Naoum, et al, 2012, 
Meera Gandhi, et al, 2008] searches for weight 
values that minimize the total error of the network 
over a set of training examples. It consists of the 
repeated presentation of two passes: a forward pass 
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and a backward pass. In the forward pass, the 
network is activated and the error of each neuron of 
the output layer is computed. In the backward pass, 
the network error is used for updating the weights. 
This process is more complex, because hidden nodes 
are not directly linked to the error but are linked 
through the nodes of the next layer. Therefore, 
starting at the output layer, the error is propagated 
backwards through the network, layer by layer. This 
is achieved by recursively computing the local 
gradient of each neuron. 
The training algorithm BPA are as follows: 
1. Initialize the weights of the network randomly. 
2. Present a training sample to the network where, in 
our case, each pattern consists of 41 features. 
3. Compare the network's output to the desired 
output. Calculate the error for each output neuron. 
4. For each neuron, calculate what the output should 
have been, and a scaling factor i.e. how much lower 
or higher the output must be adjusted to match the 
desired output. This is the local error. 
5. Adjust the weights of each neuron to lower the 
local error. 
 
wN=wN+∆wN 

with wN computed using generalized delta rule 
 
6. Repeat the process from step 3 on the neurons at 
the previous level. 
 
Training Phase 

A connection in the KDD-99 dataset is 
represented by 41 features. The features in columns 
2, 3, and 4 in the KDD99 dataset are the protocol 
type, the service type, and the flag, respectively. The 
value of the protocol type may be tcp, udp, or icmp; 
the service type could be one of the different network 
services such as http and smtp; and the flag has 11 
possible values such as SF or S2.  
 
Weight Updation Methods 

The neural network maps the input domains 
onto output domains. The inputs are packet 
parameters and the outputs are classification of 
attacks information. The combination of input and 
output constitutes a pattern. During training of ANN, 
the network learns the training patterns by a weight 
updating algorithm. The training of ANN is stopped 
when a desired performance index of the network is 
reached. The weights obtained at this stage are 
considered as final weights. During implementation 
of ANN for intrusion detection, the data coming from 
the network are transformed with the full weights 
obtained during the training of ANN. Every output of 

the network is checked. If the outputs are within the 
desired values detection is enabled. 
 
Radial Basis Function network (RBFN)  

A Radial basis function (RBF) network is a 
special type of neural network that uses a radial basis 
function as its activation function. A Radial Basis 
Function (RBF) neural network has an input layer, a 
hidden layer and an output layer. The neurons in the 
hidden layer contain radial basis transfer functions 
whose outputs are inversely proportional to the 
distance from the center of the neuron. In RBF 
networks, the outputs of the input layer are 
determined by calculating the distance between the 
network inputs and hidden layer centers. The second 
layer is the linear hidden layer and outputs of this 
layer are weighted forms of the input layer outputs. 
Each neuron of the hidden layer has a parameter 
vector called center. The RBF is applied to the 
distance to compute the weight for each neuron.  
 Centers are chosen randomly from the training set. 
 
The following parameters are determined by the 
training process:  
1. The number of neurons in the hidden layer.  
2. The center of each hidden layer RBF function.  
3. The radius of each RBF function in each 
dimension.  
4. The weights applied to the RBF function outputs 
as they are passed to the summation layer.  
 
The BPARBF methods have been used to train the 
networks. 

Fig.1 BPARBF Neural Network  
 

 The input layer provides elements of the 
input vector to all the hidden nodes. The nodes in the 
hidden layer holds the RBFs centers, computes the 
basis function to the Euclidean distance between the 
input vector and its centers. The nodes of hidden 
layer generates a scalar value, depends upon the 
centers it holds. The outputs of the hidden layer 
nodes are passed to the output layer via weighted 
connections. Each connection between the hidden 
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and output layers is weighted with the relevant 
coefficient. The node in the output layer sums its 
inputs to produce the network output. 

 
Training RBF 
 
Step 1: Initialize number of Inputs  
Step 2: Create centers=Number of training patterns  
Step 3: Calculate RBF as exp (-X) where 
X=(patterns-centers). 
Step 4: Calculate Matrix as G=RBF and A=GT*G. 
Step 5: Calculate B=A-1 and E=B * G*T.  
Step 6: Calculate the final weight as F= (E*D) and 
store the final weights in a File.  
Testing RBF 
Step 1: Read output of BPA  
Step 2: Calculate RBF as exp (-X) where X=(pattern-
centers) 
Step 3: Calculate Matrix as G=RBF  
Step 4: Calculate Final value=Final weight * G. 
Step 5: Classify the intrusion as an attack or normal. 
 

[IV]. RESULTS AND DISCUSSIONS 

 
Fig2. Back propagation network for the intrusion 

detection 
 

 
Fig.3 Radial Basis Function for intrusion detection 

 
[V]. CONCLUSION 

 Current intrusion detection systems (IDS) 
examine data features to detect intrusion or misuse 
patterns. The purpose of this paper is to present 
combination of BPA with RBF for intrusion 

detection. Proper training of BPA and RBF results in 
detecting more number of intrusions. 
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Abstract-This paper implements wavelet decomposition 
for extracting features of fingerprint images. These 
features are used to train the radial basis function 
neural network and Fuzzy logic for identifying 
fingerprints. Sample finger prints are taken from data 
base from the internet resource. The fingerprints are 
decomposed using daubauchi wavelet 1(db1) to 5 levels. 
The coefficients of approximation at the fifth level is 
used for calculating statistical features. These statistical 
features are used for training the RBF network and 
fuzzy logic. The performance comparisons of RBF and 
fuzzy logic are presented. 

Keywords- Fingerprint;Daubauchiwavelet, radial basis 

function, fuzzy logic. 

I. INTRODUCTION 

Fingerprint image databases are characterized by 
their larger size. Distortions are very common in 
fingerprint images due to elasticity of the skin. 
Commonly used methods for taking fingerprint 
impressions involve applying a uniform ink on the 
finger and rolling the finger on the paper. This causes 

1. over-inked areas of finger, which create 
smudgy areas in the images, 

2. breaks in ridges, created by–under-inked 
areas, 

3. the elastic nature of the skin can cause 
positional shifting, and 

4. thenon-cooperative attitude of criminals also 
leads to smearing in parts of the fingerprint 
images. 

Although inkless methods for taking fingerprint 
impressions are now available, these methods also 
suffer from the positional shifting caused by the skin 
elasticity. Thus, a substantial amount of research 
reported in the literature on fingerprint identification 
is devoted to image enhancement techniques. 

Current approaches in pattern recognition to 
search and query large image databases, based upon 
the shape, texture and color are not directly 
applicable to fingerprint images. The contextual 
dependencies present in the images and the complex 
nature of two dimensional images make the 
representational issue very difficult. It is very 
difficult to find a universal content-based retrieval 
technique. For these reasons an invariant image 
representation of a fingerprint image[Islam, et al, 
2010;Pokhriyal and Lehri, 2010] is still an open 
research issue. 

The problems associated with fingerprint 
identification [Pankanti,et al, 2002] are very 
complex, and an inappropriate representation scheme 
can make it intractable. For the purpose of 
automating the process of fingerprint identification, a 
suitable representation of fingerprints is essential. But 
these representations do not guarantee exact 
matching because of the presence of noise or 
availability of a partial image. Hence, high level 
structural features, which can uniquely represent a 
fingerprint, are extracted from the image for the 
purpose of representation and matching.  
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II. RELATED WORK 

Fingerprint recognition[Azizun, et al, 2004, Tico 
et al, 2001] was formally accepted as a valid personal 
identification method and became a standard routine 
in forensics.Wavelet based 
features(WBF)[Thaiyalnayaki, et al, 2010] extracted 
from the channel impulse response (CIR) in 
conjunction with an artificial neural network (ANN). 
Honglie Wei and Danni liu, 2009, proposed a 
fingerprint matching technique based on three stages 
of matching which includes local orientation 
structure matching, local minutiae structure matching 
and global structure matching.Chengming wen, et al, 
2009, have proposed an algorithm for one to one 
matching of minutiae points using motion coherence 
methods. The K-plot was used to describe local 
structure. Ujjal Kumar Bhowmik et al, 2009, 
proposed that smallest minimum sum of closest 
Euclidean distance (SMSCED) corresponding to the 
rotation angle to reduce the effect of non linear 
distortion. The overall minutiae patterns of the two 
fingerprints are compared by the SMSCED between 
two minutiae sets. Khuramand Shoab, 2009, 
proposed fingerprint matching using five neighbor of 
one single minutiae i.e., center minutiae. The special 
matching criteria incorporate fuzzy logic to select 
final minutiae for matching score calculation.Anil K. 
Jain, 2009, proposed algorithm to compare the latent 
fingerprint image with that of the stored in the 
template. From the latent fingerprint minutiae 
orientation field and quality map are extracted. Both 
level 1 and 2 features are employed in computing 
matching scores.Quantitative and qualitative scores 
are computed at each feature level. Xuzhou Li and 
Fei Yu, 2009, proposed fingerprint matching 
algorithm that uses minutiae centered circular 
regions. The circular regions constructed around 
minutiae are regarded as a secondary feature. The 
minutiae pair that has the higher degree of similarity 
than the threshold is selected as reference pair 
minutiae. Jian-De Zheng, et al, 2009, introduced 
fingerprint matching based on minutiae. The 
proposed algorithm uses a method of similar vector 
triangle. The ridge end points are considered as the 
reference points. Using the reference points the 
vector triangles are constructed. The fingerprint 
matching is performed by comparing the vector 
triangles. 

 

III. MATERIALS AND METHODOLOGY 

A sample database is presented for 10 people in 
Table 1. Each row presents 4 fingerprints of a person. 
Similarly, there are 10 rows showing 10 people.  

 
 

A WAVELETS 

The wavelet (WT) was developed as an 
alternative to the short time fourier transform 
(STFT). A wavelet is a waveform of effectively 
limited duration that has an average value of zero. 
Compare wavelets with sine waves, which are the 
basis of Fourier analysis. Sinusoids do not have 
limited duration, they extend from minus to plus 
infinity and where sinusoids are smooth and 
predictable, wavelets tend to be. Wavelet analysis is 
the breaking up of a signal into shifted and scaled 
versions of the original (or mother) wavelet. 
Mathematically, the process of Fourier analysis is 
represented by the Fourier transform: which is the 
sum over all time of the signal f(t) multiplied by a 
complex exponential. The results of the transform are 
the Fourier coefficients, which when multiplied by a 
sinusoid of frequency, yield the constituent sinusoidal 
components of the original signal. The continuous 
wavelet transform (CWT) is defined as the sum over 
all time of the signal multiplied by scaled, shifted 
versions of the wavelet function. The result of the 
CWT is many wavelet coefficients C, which are a 
function of scale and position. Multiplying each 
coefficient by the appropriately scaled and shifted 
wavelet yields the constituent wavelets of the original 
signal. 
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Fig.1. Decomposition using wavelet 

(Courtesy:http://software.intel.com/ sites/ products/ 
documentation/ hpc/ipp/ippi/ippi_ch13/ ch13_Intro.html) 

An image can be analyzed for various information 
by decomposing the image using wavelet of our 
choice. Decomposition operation applied to a source 
image produces four output images of equal size: 
approximation image, horizontal detail image, 
vertical detail image, and diagonal detail image.The 
flow of decomposition process is shown in Figure 1. 
Fingerprint image is given as input to the system and 
level 1 to level decompositions take place. Initially, 
Approximation, horizontal, vertical and diagonal 
matrices are obtained from the original image. Each 
matrix is ¼th size of the input image. In the level two 
and subsequent levels, Approximation matrix of the 
previous levels are used for subsequent 
decompositions.  

These decomposition components have the following 
meaning: 

1. The ‘approximation’ image is obtained by 
vertical and horizontal lowpass filtering. 

2. The ‘horizontal detail’ image is obtained by 
vertical highpass and horizontal lowpass 
filtering. 

3. The ‘vertical detail’ image is obtained by 
vertical lowpass and horizontal highpass 
filtering. 

4. The ‘diagonal detail’ image is obtained by 
vertical and horizontal highpass filtering. 

Proposed method 

Step 1: Fingerprint image is decomposed using 
db1 to 5 levels. 

Step 2: The coefficients of approximation at 5th 
level is used for training the RBF network and Fuzzy 
logic. 

Step 3: At the end of training process, the final 
weights are stored in a file. 

Step 4: During the testing process, the 
decomposition to 5th level using db1 and statistical 
feature extraction are done. The features are 

processed with final weights of RBF and Fuzzy logic 
to identify fingerprint. 

Wavelet Features Extraction 

The features are obtained from the Approximation 
and Details of the 5th level by using the following 
equations 

V1=1/d ∑ (Approximation details) 

Where d = Samples in a frame and V1 = Mean 
value of approximation 

V2=1/d ∑ (Approximation or details  

Where V2=Standard Deviation of approximation 

V3=maximum (Approximation or details) 

V4=minimum (Approximation or details) 

V5=norm (Approximation or Details)2 

Where V5 = Energy value of frequency 

 

B. RADIAL BASIS FUNCTION (RBF) 

Radial basis function is a supervised neural 
network. The network has an input layer, hidden 
layer (RBF layer) and output layer. The features 
obtained from daubauchi wavelet decompositions are 
used as inputs for the network along with target 
values. The network (Figure 2) described is called an 
RBFNN, since each training data point is used as a 
basis center. The storage costs of an exact RBFNN 
can be enormous, especially when the training 
database is large. 

 
Fig.2. The Radial basis function neural network 

Training RBF is done as follows, 

Step 1: Finding distance between pattern and 
centers. 

Step 2: Creating an RBF matrix whose size 
will be (np X cp). , where np= number of 
fingerprint patterns (50 fingerprint patterns X 
number of patterns) used for training and cp is 
number of centers which is equal to 50. The 
number of centers chosen should make the RBF 
network learn the maximum number of training 
patterns under consideration.  
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Step 3: Calculate final weights which are 
inverse of RBF matrix multiplied with Target 
values. 

Step 4: During testing the performance of the 
RBF network, RBF values are formed from the 
features obtained from fingerprint image and 
processed with the final weights obtained during 
training. Based on the result obtained, the image 
is classified to particular fingerprint. 

Training RBFfor identifying fingerprints 

Step 1: Apply Radial Basis Function. 
              No. of Input = 5 

              No. of Patterns = 50 

No. of Centers= 50 

          Calculate RBF as 

RBF = exp (-X) 

CalculateMatrix as 

            G = RBF 

            A = GT * G 

Calculate 

            B = A-1 

Calculate 

            E = B * GT 

Step 2:Calculate the Final Weight. 

            F = E * D 

Step 3: Store the Final Weights in a File. 

Testing RBFfor identifying fingerprints 

Step 1:.Read the Input 

Step 2: Read the final weights 

Step 3 Calculate. 

          Numerals = F * E  

Step 4: Check the output with the templates 

 
Fig 3 Performance of RBF 

Figure 3 presents number of persons’ fingerprints 
and RBF network estimation. All the 10 fingerprints 
are correctly identified only when the RBF center is 
9. When the RBF centers are less or more than 9, 
then fingerprint identification performance comes 
down 

C.Fuzzy logic 

 Fuzzy Logic (FL) is a multi valued logic that 
allows intermediate values to be defined between 
conventional evaluations like true/false, yes/no, 
high/low. Fuzzy systems are an alternative to 
traditional notions of set membership and logic.  

 The training and testing fuzzy logic is to 
map the input pattern with target output data. For 
this, the inbuilt function has to prepare membership 
table and finally a set of number is stored. During 
testing, the membership function is used to test the 
pattern. 

Training Fuzzy logic for identifying 
fingerprints 

Step 1: Read the statistical features of the wavelet 
coefficients and its target value. 

Step 2: Create Fuzzy membership function. 

Step 3: Create clustering using K-Means 
algorithm. 

Step 4: Process with target values. 

Step 5: Obtain final weights. 

Testing Fuzzy logic for identifying fingerprints 

Step 1: Input a pattern (statistical features of the 
wavelet coefficients). 

Step 2: Process with Fuzzy membership function. 

Step 5: Find the cluster to which the pattern 
belongs. 

Step 4: Obtain estimated target values. 

Step 5: Classify the fingerprint 

 RADII specifies the range of influence of 
the cluster center for each input and output 
dimension, assuming the data falls within a unit 
hyperbox (range [0 1]). Specifying a smaller cluster 
radius will usually yield more, smaller clusters in the 
data, and hence more rules. When RADII is a scalar 
it is applied to all input and output dimensions.  

IV. RESULTS AND DISCUSSION 

The coefficient values are presented 
‘approximation’ (Figure 4), ‘horizontal’ (Figure 5), 
‘vertical’ (Figure 6) and ‘details (Figure 7) at 5th level 
of decomposition using ‘db1’ wavelet. Figure 8 
presents fingerprints at all 5 levels for the fingerprint 
of person 1 with event 1. 
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Fig. 4. Approximation at all 5 levels 

 

Fig. 5. Horizontal at all 5 levels 

 

 

Fig. 6. Vertical at all 5 levels 

 

 

Fig. 7. Details at all 5 levels 

 

Fig. 8. Fingerprints shown at 5 levels of decompositions 

 
Fig.9. Statistical feature of Approximation at Level-5 

decompositionof fingerprint images of 10 People 

 
Fig.10. Performance of Fuzzy logic 

Figure 10 presents number of persons’ 
fingerprints and Fuzzy logic estimation. In all the 10 
fingerprints, the estimation is 100%. The 
performance of Fuzzy logic may change, if the 
number of fingerprints increase. 

V. CONCLUSION 

This paper presents the implementation of radial 
basis neural network and fuzzy logic for identifying 
fingerprints. The features of the fingerprint images 
are obtained by using wavelet decomposition. The 
fingerprints have been collected from the existing 
available internet database. The proposed algorithms 
are able to identify the fingerprints. 
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Abstract-This paper presents the combined 

implementation of counter propagation network (CPN) 

along with hidden Markov model (HMM) for human 

activity recognition. Many methods are in use. 

However, there is increase in unwanted human activity 

in the public to achieve gainsay without any hard work. 

Surveillance cameras are installed in the crowded area 

in major metropolitan cities in various countries. 

Sophisticated algorithms are required to identify 

human walking style to monitor any unwanted behavior 

that would lead to suspicion. This paper presents the 

importance of CPN to identify the human GAIT. 

Keywords: GAIT; human walking action; counter 

propagation network; hidden Markov model. 

I. INTRODUCTION 
Recognizing human activities from video is one 

of the most promising applications of computer 
vision. In recent years, this problem has caught the 
attention of researchers from industry, academia, 
security agencies, consumer agencies and the general 
populace too. One of the earliest investigations into 
the nature of human motion was conducted by the 
contemporary photographers Etienne Jules Marey 
and Eadweard Muybridge in the 1850s who 
photographed moving subjects and revealed several 
interesting and artistic aspects involved in human and 

animal locomotion. The classic Moving Light 
Display (MLD) experiment of (Johansson, 1973) 
provided a great impetus to the study and analysis of 
human motion perception in the field of 
neuroscience. This paved the way for mathematical 
modeling of human action and automatic recognition, 
which naturally fall into the purview of computer 
vision and pattern recognition. 

Given a sequence of images with one or more 
persons performing an activity, can a system be 
designed that can automatically recognize what 
activity is being or was performed? As simple as the 
question seems, the solution has been that much 
harder to find. Aggarwal and Cai, 1999, discuss three 
important sub-problems that together form a 
complete action recognition system extraction of 
human body structure from images, tracking across 
frames and action recognition. 

Cedras and Shah, 1995, present a survey on 
motion based approaches to recognition as opposed 
to structure based approaches. They argued that 
motion is a more important cue for action recognition 
than the structure of the human body. Gavrila, 1999, 
presented a survey focused mainly on tracking of 
hands and humans via 2D or 3D models and a 
discussion of action recognition techniques. 
Moeslund et al, 2006, presented a survey of problems 
and approaches in human motion capture including 
human model initialization, tracking, pose estimation 
and activity recognition.  

II. RELATED WORK 
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The task of recognizing people by the way they 
walk is an instance of the more general problem of 
recognition of humans from gesture or activity. A 
closer look at the relation between the problems of 
activity recognition and activity-specific person 
identification is considered. A good review of the 
state of the art in activity recognition can be found, 
(Aggarwal et al., 1999). For human activity or 
behavior recognition most efforts have used HMM-
based approaches (Starner et al., 1998; Wilson et al, 
1998; Yamato et al, 1995) as opposed to template 
matching which is sensitive to noise and the 
variations in the movement duration. Discrete HMMs 
are used to recognize different tennis strokes.  

A parametric continuous HMM has been applied 
for activity recognition. All these approaches involve 
picking a lower dimensional feature vector from an 
image and using these to train an HMM. The 
trajectories corresponding to distinct activities will be 
far apart in the vector space of the features. Hence, 
with a small degradation in performance, it is 
possible to replace the continuous approaches by 
building a codeword set through k-means clustering 
over the set of the lower dimensional observation 
vector space and using a discrete HMM approach. 
The scenario is very different in the problem of 
recognition of humans from activity. Primarily, there 
is considerable similarity in the way people perform 
an activity. Hence, feature trajectories corresponding 
to different individuals performing the same activity 
tend to be much closer to one another as compared to 
feature trajectories corresponding to distinct 
activities. The afore mentioned activity recognition 
approaches, if directly applied to human 
identification using gait will almost certainly fail in 
the presence of noise and structurally similar 
individuals in the database. 

Huang et al., 1999, use optical flow to derive the 
motion image sequence corresponding to a gait cycle. 
The approach is sensitive to optical flow 
computation. It does not address the issue of phase in 
a GAIT cycle. In another approach, (Cunado et al, 
1995) extract gait signature by fitting the movement 
of the thighs to an articulated pendulum like motion 
model. The idea is somewhat similar to the work by 
(Murray et al, 1964), who modeled the hip rotation 
angle as a simple pendulum, the motion of which was 
approximately described by simple harmonic motion. 

Locating accurately the thigh in real image 
sequences can be very difficult. Little and Boyd, 
1998, extracted frequency and phase features from 
moments of the motion image derived from optical 
flow to recognize different people by their gait. As 
expected, the method is quite sensitive to the feature 
extraction process. Bobick and Johnson, 2001, used 
static features for recognition of humans using GAIT. 

Murase and Sakai, 1996, have also proposed a 
template matching method. 

 

III. MATERIALS AND METHODOLOGY 

 

Fig 1 Keyframes for walking 

A. HIDDEN MARKOV MODEL 

 A HMM is a statistical model 
where the system modeled is assumed to be 
a Markov process with unknown parameters, 
and the challenge is to determine the hidden 
parameters, from the observable parameters, 
based on assumptions. The extracted model 
parameters can be used to perform further 
analysis to recognize human activity. A 
HMM adds outputs: each state has a 
probability distribution, (Sasi, et al, 2011). 

 
Fig. 2 Cyclic Left Right Hidden 

Markov Model 
 
A Hidden Markov Model is a five-tuple 
consisting of set of states is given in 
equation (1). 

S= {s1,s2,...,sn}    (1) 
The initial probability distribution, π(si) = 
probability of si being the first state in a 
sequence. 
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The matrix of state transition probabilities, 
A= (aij) where aij is the probability of state sj 
following si . 
The set of emission probability distributions 
/ densities is given in equation (2). 

B= {b1, b2, bn}    2) 
where 

bi(x) is the probability of observing 
x. 
When the system is in state si, the 
observable feature space can be discrete 
which is given in equation (3). 

V={x1, x2,….., xv}   (3) 
Let, λ = {A, B, bi} denote the parameters 
for a given HMM with fixed ‘S’ and ‘V’. 
The left-right HMM Model is used for the 
walking cycle where a state can only be 
reached by itself or by a single other state. 
The states are hidden and one can only 
observe a sequence of observations 
generated from a sequence of states. In this 
work, skeletal joint configurations of a 
person are observed. Figure 2 shows the left-
right HMM. 

In Figure 2, the ‘D’ nodes represent 
the hidden states and the ‘S’ nodes give the 
observation from these states. A HMM is 
parameterized by, transition probabilities aij, 
1 ≤ i, j ≤ N, which are the probabilities of 
transitioning from state Di to state Dj in the 
successive time. Initial probabilistic, aij, 1 ≤ 
i ≤ N, which are the probabilities of a 
sequence starting in any state ‘Di

’ and 
observation probabilities ‘bi(s)’, 1 ≤ i ≤ N, 
which are the probabilities of observing ‘x’ 
given being in state ‘Di

’. 
These parameters can be summarized 

by γ = (A, B, bi) where ‘bi’ is a vector of 
probabilities and ‘A’ is matrix of 
probabilities. For this system, the continuous 
Gaussian observation is modeling and so ‘B’ 
will be replaced with a Gaussian Probability 
density function, N(s, µ, ∑) where µ and ∑ 
are the mean and co-variances of the 
distributions. 

The goal is to automatically learn the 
parameter, γ= (A, N) from motion captured 
data of walking sequence. Each person’s 
walk will be modeled by one identically 
structured HMM. The unique parameter 
learnt will be used to recognize people from 
new observation sequences. By performing 
random walk on the HMM, new walking 
motion for each person can produce.  

After extracting the necessary feature 
vector, the continuous K-means clustering 
algorithm is used. The continuous K-means 
algorithm identifies the matrix data and 
represents the data which is clustered. This 
clustered data gives the input to the 
initializer block where the parameters of 
HMM γ = (A, B) are initialized. 

The parameter γ = (A, N) are 
initialized in the HMM. The joint 
contributions of walking sequences as 
continuous observation from discrete states 
are modeled here. These continuous 
observations using bi(s)=N(s; µi, σi), 1 ≤  i  
≤ N are modeled, where ‘bi(s)’ model the 
probability density function of observation 
‘s’ generated from state ‘i’ as a Gaussian. 
The 4 partitions (N=4) of the feature vector 
found by K-means are used to initialize the 
Gaussian parameter ‘µ’, ‘σ’. The identified 
cluster means corresponds directly to the 
mean vector ‘µi’. The form of ‘σi’ is 
spherical where the covariance is set to be 
the squared distance to the next closest 
mean vector. The probability to the prior of 
the HMM is distributed. This means that it 
is equally likely to begin in any state of our 
HMM as assumed. The transition matrix 
‘A’, specifying the probability of 
transitioning from any state to any other 
state is initialized based on frequency counts 
from the feature vector data. Each feature 
vector corresponds to a single frame in a 
sequence. From this, and the partition 
information found in the last section, it is 
found how many times, from one state to 
another state in consecutive frames that is 
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the element aij (i ≤1 , j ≤ N) in ‘A’ can be 
transmitted, estimate the probability P(Di,t+1 
/ Di,t ) of transitioning from state Di to state 
Dj in consecutive frames by counting the 
number of times in the sequence that will 
transit from state Di  to Dj divided by the 
total number of time in the state Di. 

 

General steps adopted in implementing the coding of 
HMM 

a. The proposed system attempt to recognize 
people by modeling each individual’s GAIT 
using a HMM. The HMM is a good choice 
for modeling a walk cycle because it can 
model sequential processes.  

b. The HMM can be built by converting 
motion capture data from .amc file format to 
Matlab matrices (Converter). 

c. Using feature vectors from that data to 
produce cluster sets (Clusterer), initializing 
the model with appropriate values based on 
the cluster set (Initializer) and then 
improving the model parameters to best 
represent the original data (Trainer). 

d. Then the HMM for each person can make 
use of the model in two ways: identifying 
individuals from new unseen data 
(Identifier) or from training data so as to test 
the model’s accuracy (Tester), and 
generating new pieces of motion 
(Generator). 

B.COUNTER PROPAGATION NEURAL (CPN) 
NETWORK 

CPN was developed by Robert Hecht-Nielsen as a 
means to combine an unsupervised Kohonen layer 
with a teachable output layer known as Grossberg 
layer, by James et al (1991), Athanasios et al. (2004). 
The operation of this network type is very similar to 
that of the Learning Vector Quantization (LVQ) 
network in that the middle (Kohonen) layer acts as an 
adaptive look-up table.  

 
Fig. 3 Training the CPN Fig. 4  Testing the CPN 

 

The Figure 5 gives the flowchart of the CPN. 
From this figure, it is clear that the counter-

propagation network is composed of three layers: an 
input layer that reads input patterns from the training 
set and forwards them to the network, a hidden layer 
that works in a competitive fashion and associates 
each input pattern with one of the hidden units, and 
the output layer which is trained via a teaching 
algorithm that tries to minimize the mean square 
error (MSE) between the actual network output and 
the desired output associated with the current input 
vector. In some cases, a fourth layer is used to 
normalize the input vectors but this normalization can 
be easily performed by the application before these 
vectors are sent to the Kohonen layer.  

Regarding the training process of the counter-
propagation network, it can be described as a two-
stage procedure: in the first stage, the process updates 
the weights of the synapses between the input and the 
Kohonen layer, while in the second stage the weights 
of the synapses between the Kohonen and the 
Grossberg layer are updated.  

 
Fig. 5 Flow chart for Counter propagation 

network 

 

 

Training of the weights from the input to the hidden 
nodes 
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Step 1: The synaptic weights of the network 
between the input and the Kohonen layer are set to 
small random values in the interval [0, 1].  

Step 2: A vector pair (x, y) of the training set, is 
selected at random.  

Step 3: The input vector ‘x’ of the selected 
training pattern is normalized. 

Step 4: The normalized input vector is sent to the 
network. 

Step 5: In the hidden competitive layer, the 
distance between the weight vector and the current 
input vector is calculated for each hidden neuron ‘j’ 
according to the equation (4) 

∑
=

−=
K

1i

2
ijjj )w(xD    

    (4) 

where  

K is the number of the hidden neurons and  

Wij is the weight of the synapse that joins the ith 
neuron of the input layer with the jth neuron of the 
Kohonen layer.  

Step 6: The winner neuron ‘W’ of the Kohonen 
layer is identified as the neuron with the minimum 
distance value ‘Dj‘  

Step 7: The synaptic weights between the winner 
neuron ‘W’ and all neurons of the input layer are 
adjusted according to the equation (5) 

Wwi(t+1) = Wwi(t) + α(t)(Xi - Wwi(t)) (5) 

In the equation (5), the coefficient ‘α’ is known 
as the Kohonen learning rate. The training process 
starts with an initial learning rate value ‘0.0’ that is 
gradually decreased during training according to the 
equation (6) 

)
T
t(1αα(t) o −=    (6) 

where  

T is the maximum iteration number of the stage 
‘A’ of the algorithm.  

A typical initial value for the Kohonen learning 
rate is a value of ‘0.7’.  

Step 8: The steps 1 to 6 are repeated until all 
training patterns have been processed once. For each 
training pattern ‘p’, the distance ‘Dp’ of the winning 
neuron is stored for further processing. The storage of 
this distance is performed before the weight update 
operation.  

Step 9: At the end of each epoch, the training set 
mean error is calculated according to the equation (7) 

∑
=

=
p

1k
ki D

p
1E    (7) 

where  

P is the number of pairs in the training set,  

Dk is the distance of the winning neuron for the 
pattern ‘k’ and ‘i’ is the current training epoch.  

The network converges when the error measure 
falls below a user supplied tolerance value. The 
network also stops training in the case where the 
specified number of iterations has been performed, 
but the error value has not converged to a specific 
value. 

Training of the weights from the hidden to the output 
nodes  

Step 1: The synaptic weights of the network 
between the Kohonen and the Grossberg layer are set 
to small random values in the interval [0, 1].  

Step 2: A vector pair (x, y) of the training set, is 
selected in random.  

Step 3: The input vector ‘x’ of the selected 
training pattern is normalized  

Step 4: The normalized input vector is sent to the 
network.  

Step 5: In the hidden competitive layer the 
distance between the weight vector and the current 
input vector is calculated for each hidden neuron ‘j’ 
according to the equation (4). 

Step 6: The winner neuron ‘W’ of the Kohonen 
layer is identified as the neuron with the minimum 
distance value ‘Dj’. The output of this node is set to 
unity while the outputs of the other hidden nodes are 
assigned to zero values.  

Step 7: The connection weights between the 
winning neuron of the hidden layer and all ‘N’ 
neurons of the output layer are adjusted according to 
the equation  

Vjw (t+1) = Vjw(t) + β (yj - Vjw(t))   
 (8) 

In the equation (8), the ‘β’ coefficient is known as 
the Grossberg learning rate.  

Step 8: The above procedure is performed for 
each training pattern. In this case, the error measure 
is computed as the mean Euclidean distance between 
the winner node’s output weights and the desired 
output, that is  
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IV. RESULTS AND DISCUSSION 

Providing a machine the ability to see and 
understand as humans do has long fascinated 
scientists, engineers and even the common man. 
Synergistic research efforts in various scientific 
disciplines–Computer Vision, Artificial Intelligence, 
Neuroscience, Linguistics have brought us closer to 
this goal than at any other point in history. In our 
system we use four different subjects as they have lot 
of sequences to work with. Each HMM is created and 
trained using four walking sequences from the 
subject. Here, four persons walking sequences are 
taken where three person walking sequence belongs 
to original data. Each person walking sequence is of 
four files. So, it infers that out of sixteen files, eight 
files belong to original data and other eight files 
belong to other person’s data. After testing, eight 
files will match with the original data and other eight 
are mismatched. Therefore, out of sixteen files eight 
are correct and eight are incorrect. 

V. CONCLUSIONS 
Most of the approaches for recognizing and 

detecting action and activities are based on the 
premise that the action /activity has already occurred. 
Reasoning about the intentions of humans and 
inferring what is going to happen presents a 
significant intellectual challenge. Security 
applications are among the first that stand to benefit 
from such a system, where detection of threat is of 
utmost importance. This paper has implemented 
GAIT recognition using HMM and CPN neural 
networks. The training patterns are generated from 
the frames of the walking sequence taken as video. 
HMM is used for extracting features from the frames 
and these features of each frame are used as training 
and testing patterns.  
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Abstract—This paper present survey of several lossless data 
compression techniques and its corresponding algorithms. A 
set of selected algorithms are studied and examined. This 
paper concluded by stating which algorithm performs well for 
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I. INTRODUCTION  

In 1838 morse code used data compression for telegraphy  
which was based on using shorter code words for letters such 
as "e" and "t" that are more common in English . Modern 
work on data compression began in the late 1940 s with the 
development of information theory. 

 In 1949 Claude Shannon and Robert Fano devised a 
systematic way to assign  code words based on probabilities 
of blocks. In 1951 David Huffmann found an optimal 
method for Data Compression. Early implementations were 
typically done in hardware, with distinct choices of code 
words being made as compromises between compression and 
error correction. With online storage of text file becoming 
general, software compression programs began to be 
developed IN EARLY 1970S , almost all COMPRESSIONS 
were based on adaptive Huffman coding. In the late 1980s, 
digital images became more generic, and standards for 
compressing them emerged, lossy compression methods also 
began to be widely used In the early 1990s. Current image 
compression standards include:FAX CCITT 3 (run-length 
encoding, with code words determined by Huffman coding 
from a definite distribution of run lengths); GIF (LZW); 
JPEG (lossy discrete cosine transform, then Huffman or 
arithmetic coding); BMP (run-length encoding, etc.); TIFF 
(FAX, JPEG, GIF, etc.).With the growing demand for text 
transmission and storage due to advantage of Internet 
technology, text compression has become most important 
part of computer technology. Compression is used to solve 
this problem by reducing the file size without affecting the 
quality of the original Data. 

With this trend expected to run, it makes sense to pursue 
research on developing algorithms that can most effectively 
use available network bandwidth with maximally 
compressing data. It is also necessary to consider the security 
aspects of the data being transmitted while compressing it, as 
most of the text information transmitted over the Internet is 
very much vulnerable to a mass of attacks. Researchers have 
developed highly sophisticated approaches for lossless text 

compression , such as Huffman encoding, arithmetic 
encoding, the Lempel-Ziv etc. 

Compression methods have a long list. In this paper, we 
shall discuss only the lossless text compression techniques 
and not the lossy techniques as related to our work. In this, 
reviews of different basic lossless text data compression 
methods are considered. The methods such as  Run Length 
Encoding, Huffman coding, Shannon-Fano Coding and 
Arithmetic coding are considered. Lempel Ziv scheme is also 
considered which a dictionary based technique. A conclusion 
is derived on the basis of these methods based software. 

II. COMPRESSION & DECOMPRESSION 

Compression is a technology by which one or more files 
or directory size can be reduced so that it is easy to handle. 
The objective of compression is to reduce the number of bits 
required to represent data and to decrease the transmission 
time. Compression is achieved through encoding data and 
the data is decompressed to its original form by decoding. 
Compression increases the capacity of a communication 
channel by transmitting the compressed file. A common 
compressed file which is used day-today has extensions 
which end with .Sit, .Tar, .Zip; 

       There are two main types of data compression: lossy 
and lossless.  

A. Lossless Compression Techniques 

Lossless compression techniques resurface the original 
data from the compressed file without any loss of data. Thus 
the information does not alter during the compression and 
decompression processes.  Lossless compression techniques 
are used to compress  images, text and  medical images 
preserved for juristic reasons, computer executable file and 
so on.  

    B. Lossy compression techniques 
Lossy compression techniques resurface the original 

message with loss of some information. It is not possible to 
resurface the original  message using the decoding process. 
The decompression process  results an nearly realignment. It 
may be desirable, when data of some ranges which could not  
recognized by the human brain can be ignored. Such 
techniques could be used for multimedia  audio, video and 
images to achieve more compact data compression. 

   Compression is a technology by which one or more 
files or directory size can be reduced so that it is easy to 
handle. The objective of compression is to reduce the 
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number of bits required to represent data and to decrease the 
transmission time. Compression is achieved through 
encoding data and the data is decompressed to its original 
form by decoding. Compression increases the capacity of a 
communication channel by transmitting the compressed file. 
A common compressed file which is used day-today has 
extensions which end with .Sit, .Tar, .Zip; 

III. COMPRESSION TECHNIQUES 
Many different techniques are used to compress data. 

Most compression techniques cannot stand on their own, but 
must be combined together to form a compression algorithm. 
Those that can stand alone are often more effective when 
joined together with other compression techniques. Most of 
these techniques fall under the category of entropy coders, 
but there are others such as Run-Length Encoding and the 
Burrows-Wheeler Transform that are also commonly used. 
Compression techniques have a long list. In this paper, we 
shall discuss only the lossless compression techniques and 
not the lossy techniques as related to our work. 

A.  Run Length Encoding Algorithm 
Run Length Encoding or simply RLE is the simplest of 

the data compression algorithms. The consecutive  sequences 
of symbols are identified as runs and the others are identified 
as non runs in this algorithm. This  algorithm deals with 
some sort of redundancy. [14] It checks whether there are 
any repeating emblem or not, and  is based on those 
redundancies and their length. Continuously recurrent 
symbols are identified as runs and all  the other sequences 
are considered as non-runs. For an example, the text 
“ABABBBBC” is considered as a  source to compress, then 
the first three letters are considered as a non-run with length 
three, and the next 4 letters are  considered as a run with 
length 4 since there is a repetition of symbol B. 

 The major task of this algorithm is to  identify the runs 
of the source file and to record the symbol and the length of 
each run. The Run Length  Encoding algorithm uses those 
runs to compress the original source file while keeping all 
the non-runs with out  using for the compression process. 
[14]  

B.  Huffman Encoding 
Huffman Encoding Algorithms use the probability 

distribution of the alphabet of the source to develop the code 
words for symbols. The repetition distribution of all the 
characters of the source is calculated in order to calculate the 
probability distribution. The code words are assigned 
pursuant to the probabilities. Smaller code words for higher 
probabilities and longer code words for smaller probabilities 
are assigned. For this work a binary tree is created using the 
symbols as leaves according to their probabilities and paths 
of those are taken as the code words. 

 The two approaches of Huffman Encoding have been 
proposed first is Static Huffman Algorithms and the second 
one is Adaptive Huffman Algorithms. 

Static Huffman Algorithms compute the frequencies first 
and then generate a common tree for both the compression 
and decompression processes . Details of this tree should be 
saved or transferred to the compressed file.  

The Adaptive Huffman algorithms develop the tree while 
calculating the frequencies and there will be two trees in both 
the processes. In this method, a tree is generated with the flag 
symbol in the beginning and is updated as the next symbol is 
read. 

C. The Lempel Zev Welch Algorithm 
Dictionary based compression algorithms are based on a 

dictionary instead of a statistical model .  

LZW is the most popular method. This technique has 
been applied for data compression.  

The main steps for this technique are given below:- 

1. Firstly it will read the file and given a code to each 
character. 

2. If the same characters are found in a file then it will 
not assign the new code and then use the existing code from 
a dictionary. 

3. The process is continuous until the characters in a file 
are null.. 

The application software that makes the use of Lampel 
Zev Welch algorithm is “LZIP”. Which makes the use of the 
dictionary based compression method.  

D. Burrows-Wheeler Transform  
The Burrows-Wheeler Transform is a compression 

technique invented in 1994 that aims to reversibly transform 
a block of input data such that the amount of runs of identical 
characters is maximized. The BWT itself does not perform 
any compression operations, it simply transforms the input 
such that it can be more efficiently coded by a Run-Length 
Encoder or other secondary compression technique.  

The algorithm for a BWT is as follows:  
1. Create a string array.  
2. Generate all produce rotations of the input string, storing 
every within the array.  
3. Kind the array alphabetically.  
4. Come the last column of the array. 

BWT usually works best on long inputs with many 
alternating identical characters. Here is an example of the 
algorithm being run on an ideal input. 

TABLE I.    EXAMPLE OF BURROWS-WHEELER TRANSFORM  

Input Rotations Alpha-Sorted Rotations Output 

HAHAHA
& 

HAHAHA& AHAHA&H 

HHH&AAA  

&HAHAHA AHA&HAH 
A&HAHAH A&HAHAH 
HA&HAHA HAHAHA& 
AHA&HAH HAHA&HA 
HAHA&HA HA&HAHA 
AHAHA&H &HAHAHA 
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Because of its alternating identical characters, performing 
the BWT on this input generates an optimal result that 
another algorithm could further compress, such as RLE 
which would yield "3H&3A". While this example generated 
an optimal result, it does not generate optimal results on most 
real-world data.  

E. Shannon-Fano Coding  
This is one of the earliest compression techniques, 

invented in 1949 by Claude Shannon and Robert Fano. This 
technique involves generating a binary tree to represent the 
probabilities of each symbol occurring. The symbols are 
ordered such that the most frequent symbols appear at the top 
of the tree and the least likely symbols appear at the bottom.  

The code for a given symbol is obtained by searching for 
it in the Shannon-Fano tree, and appending to the code a 
value of 0 or 1 for each left or right branch taken, 
respectively. For example, if “A” is two branches to the left 
and one to the right its code would be “0012”. Shannon-Fano 
coding does not always produce optimal codes due to the 
way it builds the binary tree from the bottom up. For this 
reason, Huffman coding is used instead as it generates an 
optimal code for any given input.  

The algorithm to generate Shannon-Fano codes is fairly 
simple  

1  Parse the input, counting the occurrence of each 
symbol.  

2  Determine the probability of each symbol using the 
symbol count.  

3  Sort the symbols by probability, with the most 
probable first.  

4  Generate leaf nodes for each symbol. 
5  Divide the list in two while keeping the probability 

of the left branch roughly equal to those on the right branch.  
6  Prepend 0 and 1 to the left and right nodes' codes, 

respectively.  
7  Recursively apply steps 5 and 6 to the left and right 

subtrees until each node is a leaf in the tree. [15] 

F.  Arithmetic Coding  
This method was developed in 1979 at IBM, which was 

investigating data compression techniques for use in their 
mainframes. Arithmetic coding is arguably the most optimal 
entropy coding technique if the objective is the best 
compression ratio since it usually achieves better results than 
Huffman Coding. It is, however, quite complicated compared 
to the other coding techniques.  

Rather than splitting the probabilities of symbols into a 
tree, arithmetic coding transforms the input data into a single 
rational number between 0 and 1 by changing the base and 
assigning a single value to each unique symbol from 0 up to 
the base. Then, it is further transformed into a fixed-point 
binary number which is the encoded result. The value can be 
decoded into the original output by changing the base from 

binary back to the original base and replacing the values with 
the symbols they correspond to.  

A general algorithm to compute the arithmetic code is:  

• Calculate the number of unique symbols in the input. 
This number represents the base b (e.g. Base 2 is 
binary) of the arithmetic code.  

• Assign values from 0 to b to each unique symbol in 
the order they appear.  

• Using the values from step 2, replace the symbols in 
the input with their codes  

• Convert the result from step 3 from base b to a 
sufficiently long fixed-point binary number to 
preserve precision.  

• Record the length of the input string somewhere in 
the result as it is needed for decoding. 

Here is an example of an encode operation, given the input 
“ABCDAABD”:  

[1] Found 4 unique symbols in input, therefore base = 4. 
Length = 8  

[2] Assigned values to symbols: A=0, B=1, C=2, D=3  

[3] Replaced input with codes: “0.012300134” where the 
leading 0 is not a symbol.  

[4] Convert “0.012311234” from base 4 to base 2: 
“0.011011000001112”  

[5] Result found. Note in result that input length is 8.  

Assuming 8-bit characters, the input is 64 bits long, while 
its arithmetic coding is just 15 bits long resulting in an 
excellent compression ratio of 24%. This example 
demonstrates how arithmetic coding compresses well when 
given a limited character set. 

IV. COMPRESSION ALGORITHAMS  

Many different techniques are used to compress data. 
Most compression techniques cannot stand on their own, but 
must be combined together to form a compression algorithm. 
These compression algorithms are described as follows:     

A. Sliding Window Algorithms  
1) LZ77  

Published in 1977, LZ77 is the algorithm that started it 
all. It introduced the concept of a 'sliding window' for the 
first time which brought about significant improvements in 
compression ratio over more primitive algorithms.  

LZ77 maintains a dictionary using triples representing 
offset, run length, and a deviating character. The offset is 
how far from the start of the file a given phrase starts at, and 
the run length is how many characters past the offset are part 
of the phrase.  

The deviating character is just an indication that a new 
phrase was found, and that phrase is equal to the phrase from 

Identify applicable sponsor/s here. (sponsors) 
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offset to offset+length plus the deviating character. The 
dictionary used changes dynamically based on the sliding 
window as the file is parsed. For example, the sliding 
window could be 64MB which means that the dictionary will 
contain entries for the past 64MB of the input data.  

Given an input "abbadabba" the output would look 
something like "abb(0,1,'d')(0,3,'a')" as in the example below: 

TABLE II.  EXAMPLE OF LZ77  

Position Symbol Output  
0 a   A 
1 b   b 
2 b   b 
3 a 

  (0, 1, 'd') 
4 d 

5 a 

  (0, 3, 'a')  
6               b 

7 b 

8 a  

While this substitution is slightly larger than the input, it 
usually achieves a significantly smaller result given longer 
input data. [3]  

2) LZR  
LZR is a modification of LZ77 invented by Michael 

Rodeh in 1981. The algorithm aims to be a linear time 
alternative to LZ77. However, the encoded pointers can 
indicate to any offset in the file which means LZR consumes 
a considerable amount of memory. Together with its poor 
compression ratio (LZ77 is often superior) it is an unfeasible 
variant.[18][19]  

3) DEFLATE  
DEFLATE was invented by Phil Katz in 1993 and is the 

basis for the majority of compression tasks today. It simply 
combines an LZ77 or LZSS preprocessor with Huffman 
coding on the back end to achieve moderately compressed 
results in a short time.  

It is used in gzip software. It is use .gz extension Its 
compression quantitative relation show area unit show below  

File   : Example1.doc 

File Size                             : 7.0 MB 

Compressed File Size        : 1.8 MB 

 

File   : Example2.doc 

File Size                             : 1.1 MB 

Compressed File Size        : 854.0 KB 

 

File   : Example3.pdf 

File Size                             : 453 KB 

Compressed File Size        : 369.7 KB 

 

File   : Example4.txt 

File Size                             : 71.1 KB 

Compressed File Size        : 14.8 KB 

 

File   : Example5.doc 

File Size                             : 599.6 MB 

Compressed File Size        : 440.6 KB 

4) DEFLATE64  
DEFLATE64 is a proprietary extension of the DEFLATE 

algorithm which increases the dictionary size to 64kB (hence 
the name) and allows greater distance in the sliding window. 
It increases both performance and compression ratio 
compared to DEFLATE. [20] However, the proprietary 
nature of DEFLATE64 and its modest improvements over 
DEFLATE has led to limited adoption of the format. Open 
source algorithms such as LZMA are generally used instead.  

5) LZSS  
The LZSS, or Lempel-Ziv-Storer-Szymanski algorithm 

was First published in 1982 by James Storer and Thomas 
Szymanski. LZSS ameliorate on LZ77 in that it can detect 
whether a substitution will decrease the file size or not. 

 If no size reduction is going to be achieved, the input is 
left as a literal within the output. Otherwise, the section of 
the input is replaced with an (offset, length) pair where the 
offset is how many bytes from the start of the input and the 
length is how many characters to read from that position. 
[21] Another improvement over LZ77 comes from the 
elimination of the "next character" and uses just an offset-
length pair.  

Here is a brief example given the input " these theses" 
which yields " these (0,6) s" which saves just one byte, but 
saves considerably more on larger inputs.  

TABLE III.  EXAMPLE OF LZSS 

Index  
0  

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

 
8 

 
9  

10  
1
1 

12 

Symbol  
 
t 

 
h 

 
e 

 
s 

 
e 

  
 
t 

 
h 

 
e 

 s 
 
e 

 s 

Substituted  
 
t 

 
h 

 
e 

 
s 

 
e 

 
( 

 
0 

 
, 

 
6 

 )  s  

LZSS is still used in many popular archive formats, the 
best known of which is RAR. LZSS is also sometimes used 
for network data compression.  

6) LZH  
LZH was developed in 1987 and it stands for "Lempel-

Ziv Huffman." It is a variant of LZSS that utilizes Huffman 
coding to compress the pointers, resulting in inchmeal better 
compression. However, the improvements gained using 
Huffman coding are negligible and the compression is not 
worth the performance hit of using Huffman codes. [19]  

7) LZB  
LZB was also developed in 1987 by Timothy Bell et al as 

a variant of LZSS. Like LZH, LZB also aims to reduce the 
compressed file size by encoding the LZSS pointers more 
efficiently. The way it does this is by gradually increasing 
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the size of the pointers as the sliding window grows larger. It 
can achieve higher compression than LZSS and LZH, but it 
is still rather slow as compared to LZSS due to the extra 
encoding step for the pointers. [19]  

8) ROLZ  
ROLZ stands for "Reduced Offset Lempel-Ziv" and its 

goal is to improve LZ77 compression by restricting the offset 
length to reduce the amount of data required to encode the 
offset-length pair. This derivative of LZ77 was first seen in 
1991 in Ross Williams' LZRW4 algorithm. Other 
implementations include BALZ, QUAD, and RZM. Highly 
optimized ROLZ can achieve nearly the same compression 
ratios as LZMA; however, ROLZ suffers from a lack of 
popularity.  

9) LZP  
LZP stands for "Lempel-Ziv combined with Prediction." 

It is a special case of ROLZ algorithm where the offset is 
reduced to 1. [14] There are several variations using different 
techniques to achieve either faster operation of better 
compression ratios. LZW4 implements an arithmetic encoder 
to achieve the best compression ratio at the cost of speed. 
[22]  

10) LZRW1  
Ron Williams created this algorithm in 1991, introducing 

the concept of a Reduced-Offset Lempel-Ziv compression 
for the first time. LZRW1 can achieve high compression 
ratios while remaining very fast and efficient. Ron Williams 
also created several variants that improve on LZRW1 such as 
LZRW1-A, 2, 3, 3-A, and 4. [23]  

11) LZJB  
Jeff Bonwick created his Lempel-Ziv Jeff Bonwick 

algorithm in 1998 for use in the Solaris Z File System (ZFS). 
It is considered a variant of the LZRW algorithm, 
specifically the LZRW1 variant which is aimed at maximum 
compression speed. Since it is used in a file system, speed is 
especially important to ensure that disk operations are not 
bottlenecked by the compression algorithm.  

12) LZS  
The Lempel-Ziv-Stac algorithm was developed by Stac 

Electronics in 1994 for use in disk compression software. It 
is a modification to LZ77 which distinguishes between literal 
symbols in the output and offset-length pairs, in addition to 
removing the next encountered symbol. The LZS algorithm 
is functionally most similar to the LZSS algorithm. [24]  

13) LZX  
The LZX algorithm was developed in 1995 by Jonathan 

Forbes and Tomi Poutanen for the Amiga computer. The X 
in LZX has no Special meaning. Forbes sold the algorithm to 
Microsoft in 1996 and went to work for them, where it was 
further improved upon for use in Microsoft's cabinet  (. 
CAB) format. This algorithm is also employed by Microsoft 
to compress Compressed HTML Help (CHM) files, 
Windows Imaging Format (WIM) files, and Xbox Live 
Avatars. [25]  

14) LZO  

LZO was developed by Markus Oberhumer in 1996 
whose development goal was fast compression and 
decompression. It allows for adjustable compression levels 
and requires only 64kB of additional memory for the highest 
compression level, while decompression only requires the 
input and output buffers. LZO functions very similarly to the 
LZSS algorithm but is optimized for speed rather than 
compression ratio. 

15) LZMA  
The Lempel-Ziv Markov chain Algorithm was published 

in 1998 with the release of the 7-Zip archiver for use in the 
.7z file format. It achieves better compression than bzip2, 
DEFLATE, and other algorithms in most cases. LZMA uses 
a chain of compression techniques to achieve its output. 
First, a modified LZ77 algorithm, which operates at a bitwise 
level rather than the traditional bytewise level, is used to 
parse the data. Then, the output of the LZ77 algorithm 
undergoes arithmetic coding. More techniques can be applied 
depending on the specific LZMA implementation. The result 
is considerably improved compression ratios over most other 
LZ variants mainly due to the bitwise method of 
compression rather than bytewise.[27]  

It is used in 7zip software. It uses .7z extension. Its 
compression quantitative relation show area unit shows 
below  

File   : Example1.doc 

File Size                             : 7.0 MB 

Compressed File Size        : 1.2 MB 

 

File   : Example2.doc 

File Size                             : 1.1 MB 

Compressed File Size        : 812.3 KB 

 

File   : Example3.pdf 

File Size                             : 453 KB 

Compressed File Size        : 365.7 KB 

 

File   : Example4.txt 

File Size                             : 71.1 KB 

Compressed File Size        : 12.4 KB 

 

File   : Example5.doc 

File Size                             : 599.6 MB 

Compressed File Size        : 433.5 KB 

a) LZMA2  
LZMA2 is an incremental improvement to the original 

LZMA algorithm, first introduced in 2009 [28] in an update 
to the 7-Zip archive software. LZMA2 improves the 
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multithreading capabilities and thus the performance of the 
LZMA algorithm, as well as better handling of 
incompressible data resulting in slightly better compression.  

It is used in Xzip software. It is use .xz extension. Its 
compression quantitative relation show area unit shows 
below  

File   : Example1.doc 

File Size                             : 7.0 MB 

Compressed File Size        : 1.2 MB 

 

File   : Example2.doc 

File Size                             : 1.1 MB 

Compressed File Size        : 811.9 KB 

 

File   : Example3.pdf 

File Size                             : 453 KB 

Compressed File Size        : 365.7 KB 

 

File   : Example4.txt 

File Size                             : 71.1 KB 

Compressed File Size        : 12.4 KB 

 

File   : Example5.doc 

File Size                             : 599.6 MB 

Compressed File Size        : 431.0 KB 

b) Statistical Lempel-Ziv  
Statistical Lempel-Ziv was a concept created by Dr. Sam 

Kwong and Yu Fan Ho in 2001. The basic principle it 
operates on is that a statistical analysis of the data can be 
combined with an LZ77-variant algorithm to further 
optimize what codes are stored in the dictionary. 

It is used in LZMA software. It uses .lzma extension. Its 
compression quantitative relation show area unit shows 
below  

File   : Example1.doc 

File Size                             : 7.0 MB 

Compressed File Size        : 1.2 MB 

File   : Example2.doc 

File Size                             : 1.1 MB 

Compressed File Size        : 812.1 KB 

 

File   : Example3.pdf 

File Size                             : 453 KB 

Compressed File Size        : 365.6 KB 

 

File   : Example4.txt 

File Size                             : 71.1 KB 

Compressed File Size        : 12.3 KB 

       

      File   : Example5.doc 

File Size                             : 599.6 MB 

Compressed File Size        : 433.3 KB 

B. Dictionary Algorithms  
1) LZ78  

LZ78 was created by Lempel and Ziv in 1978. Rather 
than using a sliding window to generate the dictionary, the 
input information is either preprocessed to generate a 
dictionary with the infinite scope of the input, or the 
dictionary is built up as the file is parsed. LZ78 employs the 
latter strategy. The dictionary size is usually limited to a few 
MB, or all codes up to a certain number of bytes such as 8; 
this is done to reduce memory requirements. How the 
algorithm controls the dictionary being full is what sets most 
LZ78 type algorithms apart. [4]  

While parsing the file, the LZ78 algorithm adds each 
newly encountered a character or string of characters to the 
dictionary. For each symbol in the input, a dictionary entry in 
the form (dictionary index, unknown symbol) is generated; if 
a symbol is already in the dictionary then the dictionary will 
be searched for substrings of the current symbol and the 
symbols following it.  

The index of the longest substring match is used for the 
dictionary index. The information show to by the dictionary 
index is added to the final character of the obscure substring. 
if the present image is obscure, then the concordance file is 
situated to 0 to demonstrate that it is a solitary character 
passage. The section's structure a connected record sort 
information structure. 

An input such as "xyyxyxyyxxyxxy" would generate the 
output {(0,x)(0,y)(2,x)(0,y)(1,y)(3,x)(6,y)}. You can see how 
this was derived in the following example:  

TABLE IV.  EXAMPLE OF LZ78 

Input:   x  b bx  d xb bxx bxxd 

Dictiona
ry Index     0   1  2  3  4  5   6  7 

Output 
 
NUL
L 

(0
,x
) 

(0,
b) 

(2,
x) 

(0,d) (1,b) (3,x)  (6,d) 

2) LZW  
LZW is the Lempel-Ziv-Welch algorithm created in 1984 

by Terry Welch. It is the most commonly used derivative of 
the LZ78 family, nevertheless being heavily patent-
encumbered. LZW improves on LZ78 in a similar way to 
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LZSS; it removes redundant characters in the output and 
makes the output entirely out of pointers. It also includes 
every character in the dictionary before starting compression, 
and employs other tricks to improve compression such as 
encoding the last character of every new phrase as the first 
character of the next phrase. LZW is commonly found in the 
GIF Format, as well as in the early specificiations of the ZIP 
format and other specialized applications. 

 LZW is very fast, but achieves low compression 
compared to most newer algorithms and some algorithms are 
both faster and achieve better compression. 

It is used in WinZip software. It is use .zip extension. Its 
compression quantitative relation show area unit shows 
below  

File   : Example1.doc 

File Size                             : 7.0 MB 

Compressed File Size        : 1.7 MB 

 

File   : Example2.doc 

File Size                             : 1.1 MB 

Compressed File Size        : 851.6 KB 

 

File   : Example3.pdf 

File Size                             : 453 KB 

Compressed File Size        : 368.4 KB 

 

File   : Example4.txt 

File Size                             : 71.1 KB 

Compressed File Size        : 14.2 KB 

 

File   : Example5.doc 

File Size                             : 599.6 MB 

Compressed File Size        : 437.3 KB 

 

3) LZC  
LZC, or Lempel-Ziv Compress is a slight modification to 

the LZW algorithm used in the UNIX compress utility.  

The main difference between LZC and LZW is that LZC 
monitors the compression ratio of the output. Once the ratio 
crosses a certain threshold, the dictionary is rejected and 
rebuilt. [19]  

4) LZAP  
LZAP was created in 1988 by James Storer as a 

modification to the LZMW algorithm. The AP stands for "all 
prefixes" in that rather than storing a single phrase in the 
dictionary each iteration, the dictionary stores every 

permutation. For example, if the last phrase was "last" and 
the current phrase is "next" the dictionary would store 
"lastn", "lastne", "lastnex", and "lastnext". 

5) LZWL  
LZWL is a revisal to the LZW algorithm created in 

2006.It works with syllables rather than  a character. LZWL 
is designed to work better with certain data sets with many 
commonly occurring syllables such as XML data. That 
algorithm is usually used with a preprocessor that 
decomposes the input data into syllables. [31]  

6) LZJ  
Matti Jakobsson published the LZJ algorithm in 1985 

[32] and it is one of the only LZ78 algorithms that deviates 
from LZW. The methods works by storing every unique 
string in the already processed input up to an arbitrary 
maximum length in the dictionary and assigning codes to 
every. When the dictionary is full, all entries that occurred 
only once are removed. [19] 

C. Non-dictionary Algorithms  
1) PPM  

Prediction by Partial Matching is a statistical modeling 
technique that uses a set of previous symbols in the input to 
predict what the next symbol will be in order to reduce the 
entropy of the output data. This is different from a dictionary 
since PPM makes predictions about what the next symbol 
will be rather than trying to find the next symbols in the 
dictionary to code them. PPM is usually combined with an 
encoder on the back end, such as arithmetic coding or 
adaptive Huffman coding. [33] PPM or a variant known as 
PPM are implemented in many archive formats including 7-
Zip and RAR.  

It is used in RAR software. It uses .rar extension. Its 
compression quantitative relation show area unit shows 
below  

File   : Example1.doc 

File Size                             : 7.0 MB 

Compressed File Size        : 1.4 MB 

 

File   : Example2.doc 

File Size                             : 1.1 MB 

Compressed File Size        : 814.5 KB 

 

File   : Example3.pdf 

File Size                             : 453 KB 

Compressed File Size        : 367.7 KB 

 

File   : Example4.txt 

File Size                             : 71.1 KB 

Compressed File Size        : 13.9 KB 
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File   : Example5.doc 

File Size                             : 599.6 MB 

Compressed File Size        : 436.9 KB 

2) bzip2  
bzip2 is an open source implementation of the Burrows-

Wheeler Transform. Its operating principles are simple, yet 
they achieve a very good compromise between speed and 
compression ratio that makes the bzip2 format very popular 
in UNIX environments. First, a Run-Length Encoder is 
applied to the data. Next, the Burrows-Wheeler Transform is 
applied. Then, a move-to-front transform is applied with the 
intent of creating a large amount of identical symbols 
forming runs for use in yet another Run-Length Encoder. 
Finally, the result is Huffman coded and wrapped with a 
header. [34]  

It is used in bzip2 software. It uses .bz2 extension. Its 
compression quantitative relation show area unit shows 
below  

File   : Example1.doc 

File Size                             : 7.0 MB 

Compressed File Size        : 1.5 MB 

File   : Example2.doc 

File Size                             : 1.1 MB 

Compressed File Size        : 871.8 KB 

 

File   : Example3.pdf 

File Size                             : 453 KB 

Compressed File Size        : 374.1 KB 

 

File   : Example4.txt 

File Size                             : 71.1 KB 

Compressed File Size        : 15.5 KB 

 

File   : Example5.doc 

File Size                             : 599.6 MB 

Compressed File Size        : 455.9 KB 

3) PAQ  
PAQ was created by Matt Mahoney in 2002 as an 

improvement upon older PPM(d) algorithms. The way it 
does this is by using a revolutionary technique called context 
mixing. Context mixing is when multiple statistical models 
(PPM is one example) are intelligently combined to make 
better predictions of the next symbol than either model by 
itself. PAQ is one of the most promising algorithms because 
of its extremely high compression ratio and very active 
development. Over 20 variants have been created since its 

inception, with some variants achieving record compression 
ratios. The biggest drawback of PAQ is its slow speed due to 
using multiple statistical models to get the best compression 
ratio. However, since hardware is constantly getting faster, it 
may be the standard of the future. [35] PAQ is slowly being 
adopted, and a different called PAQ8O which brings 64-bit 
support and major speed improvements can be found in the 
PeaZip program for Windows. Other PAQ formats are 
mostly command-line only. 

V. CONCLUSION 

There we talked about a need of data compression, and 
situations in which these lossless methods are useful. The 
algorithms used for lossless compression are described in 
brief. A special, Run-length coding, statistical encoding and 
dictionary based algorithm like LZW, are provided to the 
concerns of this family compression method. In the 
Statistical compression techniques, Arithmetic coding 
technique performs with an improvement over Huffman 
coding, over Shannon-Fano coding and over Run Length 
Encoding technique.  Compression techniques improve the 
efficiency compression on text data. Lempel-Ziv Algorithm 
is best of these Algorithms. 

TABLE V.  COMPRESSION  

Compre
ssion  

Softwar
e 

Extensio
n 

Example
1.doc 

(7.0 MB) 

Example
2.doc 

(1.1 MB) 

Example
3.pdf 

( 453 KB 
) 

Example
4 .txt 
( 71.7 
KB) 

Example
5.doc 
(599.6 
KB) 

After Compression File Size  

.7z 1.2 MB 812.3 kB  365.7 kB 12.4 kB 433.5 kB 

.bz2 1.5 MB 871.8 kB 374.1 kB 15.5 kB 455.9 kB 

.gz 1.8 MB 854.0 kB 369.7 kB 14.8 kB 440.6 kB 

.lzma 1.2 MB 812.1 kB 365.6 kB 12.3 kB 433.3 kB 

.xz 1.2 MB 811.9 kB 365.7 kB 12.4 kB  431.0 kB 

.zip 1.7 MB 851.6 kB 368.4 kB 14.2 kB 437.3 kB 

.rar 1.4 MB 814.5 kB 367.7 kB 13.9 kB 436.9 kB 
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Abstract- Image segmentation plays a vital role in 
medical imaging applications. Many image 
segmentation methods have been proposed for the 
process of successive image analysis tasks in the last 
decades. The paper has considered fMRI segmentation 
inspite of existing techniques to segment the fMRI 
slices. In this paper an fmri image segmentation using 
contextual clustering method is presented. Matlab 
software ‘regionprops’ function has been used as one of 
the criteria to show performance of CC. The CC 
segmentaion shows more segmented objects with least 
discontuinty within the objects in the fMRI image. 
From the experimental results, it has been found that, 
the Contextual clustering method shows a better 
segmentation when compared to other conventional 
segmentation methods. 
 
Keywords:  Contextual clustering; segmentation; fMRI 
image. 
 

I. INTRODUCTION 
Image segmentation is the process of partitioning 

/ subdividing a digital image into multiple 
meaningful regions or sets of pixels regions with 
respect to a particular application. The segmentation 
is based on measurements taken from the image and 
might be grey level, color, texture, depth or motion. 
The result of image segmentation is a set of segments 
that collectively cover the entire image. All the pixels 
in region are similar with respect to some 
characteristic or computed property, such as color, 
intensity, or texture. For any object in an image, there 
are many 'features' which are interesting points on the 
object that can be extracted to provide a "feature" 
description of the object. Image segmentation is done 
using various edge detection techniques such as 
Sobel, Prewitt, Roberts, Canny, LoG,  

MRI Segmentation provides great importance in 
research and clinical applications. There are many 

methods that exist to segment the brain. Conventional 
methods like sobel, canny, log, zerocross, and prewitt 
use pure image processing techniques that need 
human interaction for accurate and reliable 
segmentation. Unsupervised methods, can segment 
the brain with high precision. For this reason, 
unsupervised methods are preferred over 
conventional methods. Many unsupervised methods 
such as Fuzzy c-means, Finite Gaussian Mixture 
Model, Artificial Neural Networks, etc. are available. 

II. RELATED WORK 
Bueno et al. 2000, described an image-based 

method founded on mathematical morphology to 
facilitate the segmentation of cerebral structures on 
3D magnetic resonance images (MRIs). Jose et al, 
2003, descried parametric image segmentation that 
consists of finding a label field which defines a 
partition of an image into a set of non overlapping 
regions and the parameters of the models that 
describe the variation of some property within each 
region. A Bayesian formulation is presented, based 
on the key idea of using a doubly stochastic prior 
model for the label field, which allows one to find 
exact optimal estimators for both this field and the 
model parameters by the minimization of a 
differentiable function. 

Liu, 2006, presented a new level set based 
solution for automatic medical image segmentation. 
Wee et al, 2006, described accurate segmentation of 
magnetic resonance (MR) images of the brain. They 
broadly divided current MR brain image 
segmentation algorithms into three categories: 
classification based, region-based, and contour-based. 
They showed that by incorporating two key ideas into 
the conventional fuzzy C-means clustering algorithm, 
they are able to take into account the local spatial 
context and compensate for the intensity non 
uniformity (INU) artifact during the clustering 
process. Xiangrong et al, 2010, described clustering 
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algorithms in tissue segmentation in MRI. The 
authors proposed an approach to tissue segmentation 
of 3D brain MRI using semi-supervised spectral 
clustering. Yan Li and Zheru Chi, 2005, described 
magnetic resonance imaging (MRI) as an advanced 
medical imaging technique providing rich 
information about the human soft tissue anatomy.  

The goal of magnetic resonance (MR) image 
segmentation is to accurately identify the principal 
tissue structures in these image volumes. A new 
unsupervised MR image segmentation method based 
on self-organizing feature map (SOFM) network has 
been presented. Yongyue et al, 2001, stated that the 
finite mixture (FM) model is the most commonly 
used model for statistical segmentation of brain 
magnetic resonance (MR) images because of its 
simple mathematical form and the piecewise constant 
nature of ideal brain MR images. They proposed a 
hidden Markov random field (HMRF) model, which 
is a stochastic process generated by a MRF whose 
state sequence cannot be observed directly but which 
can be indirectly estimated through observations. 

Zavaljevski et al, 2000 described MR brain 
image segmentation into several tissue classes is of 
significant interest to visualize and quantify 
individual anatomical structures. Zhang, 2004 stated 
that image segmentation plays a crucial role in many 
medical imaging applications. They presented a novel 
algorithm for fuzzy segmentation of magnetic 
resonance imaging (MRI) data 
 

III. MATERIALS AND METHODOLOGY 
The Internet Brain Segmentation Repository 

(IBSR) provides manually-guided expert 
segmentation results along with magnetic resonance 
brain image data. fMRI slice images have been 
obtained from IBSR for use in this research work. 

Table 1 presents two figures (full slice and cropped 
slice used for segmentation analysis). 

Table 1 fMRI slice 

 

Full slice image 

 
Region cropped used for 
segmentation analysis 

A Sobel Operator: It performs 2-D spatial 
gradient measurement on an image and so 
emphasizes regions of high spatial frequency that 
correspond to edges. The convolution masks of Sobel 
operator are as shown Table 2, which are used to 

obtain the gradient magnitude of the image from the 
original. 
Table 2. Sobel Mask  

 
B. Prewitt Operator: The prewitt operator is an 

approximate way to estimate the magnitude and 
orientation of an edge. The convolution mask of 
Prewitt operator is shown in Table 3. 
Table 3. Prewitt Mask  

 
C. Roberts Operator: It performs 2-D spatial 

gradient measurement on an image. It highlights 
regions of high spatial frequency which often 
correspond to edges. The cross convolution mask is 
shown in Table 4 
Table 4 Roberts Mask  

 
D. Laplacian of Guassian (LoG) Operator: It is a 

second order derivative. The digital implementation 
of the Laplacian function is made using the mask 
given in Table 5. 
 
Table 5Laplacian of Guassian (LoG) Operator 

 
E. Canny Operator: It is a method to find edges 

by isolating noise from the image without affecting 
the features of the edges in the image and then 
applying the tendency to find the edges and the 
critical value for threshold. 

F. Contextual clustering 

Image segmentation plays an important role in 
image analysis and computer vision and it is 
considered as one of the major obstruction in the 
development of image processing technology. 
Recently there has been considerable interest among 
researchers in statistical clustering techniques in 
image segmentation was inspired by the methods of 
statistical physics. These methods were developed to 
study the equilibrium properties of large, lattice 
based systems consisting of interacting components 
as identical. In a clustering technique for image 
segmentation, each pixel is associated with one of the 
finite number of categories to form disjoint regions. 
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The contextual clustering based algorithms are 
assumed to be drawn from standard normal 
distribution. It segments a data into category 1 (ω0) 
and category 2 (ω1).  

The following are the steps adopted for 
implementing the contextual clustering algorithm for 
segmenting the fMRI slice image 

(i) Define decision parameter Tcc (positive) and 
weight of neighborhood information β (positive). Let 
Nn be the total number of data in the neighborhood. 
Let Zi be the data itself, i. 

(ii) Classify data with zi>Tα to ω1 and data to ω0. 
Store the classification to C0 and C1. 

(iii) For each data i, count the number of data ui, 
belonging to class ω1 in the neighborhood of data i. 
Assume that the data outside the range belong to ω0. 

(iv) Classify data with to ω1 
and other data to ω0. Store the classification to 
variable C2. 

(v) If C2 ≠C1 and C2 ≠ C0, copy C1 to C0, C2 to 
C1 and return to step iii, otherwise stop and return to 
C2. 

The contextual clustering implementation is as 
follows: 

Step 1: Read a Pattern (fmri image feature). 

Step 2: Sort the values of the pattern. 

Step 3: Find the Median of the Pattern Cm. 

Step 4: Find the number of values greater than 
the Median Values, Um. 

Step 5: Calculate CC using Cm + (beta/Tcc) * (Um 
– (bs/2)).  

Step 6: Assign CC as the segmented values. 

 
IV. RESULTS AND DISCUSSION 

Earlier researchers had used different metrics to 
evaluate the segmentation accuracy. In this paper, we 
have used ‘bwlabel’ and ‘Regionprops’ to evaluate 
the accuracy of segmentation and it has been found 
that CC segmentation is much better when compared 
to that of remaining segmentations mentioned in this 
work. 

Figure 1 shows fmri slice. Figures (2-8) show the 
segmentation by ‘Sobel’, ‘Prewitt’, ‘Roberts’, ‘Log’, 
‘Zero crossing’, ‘Canny’, ‘CC’ methods. Except CC 
method, in all other segmentation methods, the 
number of objects are more and , there are some 
objects segmented are not clear. Matlab ‘bwlabel’ 
function has been used and the number objects for 
each method is shown in Table 6. In addition to 
.bwlabel’, the ‘Regionprops’ command has been used 
to find out correct number of segmented objects 

Fig. 1. Sample FMRI 
image  

 

Fig. 2 Segmentation by 
‘Sobel’ method 

 

Fig 3.Segmentation by’ 
Prewitt’ method  

 

Fig 4.Segmentation by’ 
Roberts’  method 

Fig. 5 Segmentation by 
‘Log’ method 

Fig 6.Segmentation by 
Zero crossing method 

Fig. 7 Segmentation by 
‘Canny’ method 

Fig. 8 Segmentation by 
Contextual clustering 

 
Table 2 Outptuts of ‘bwlabel’ function of ‘Matlab 2010’ 

No Method Objects detected 

1 Sobel 12 

2 Prewitt 11 

3 Robertz 8 

4 Log 64 

5 Zerocross 64 
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6 Canny 32 

7 Contextual Clustering 24 

 
V. CONCLUSION 

The main purpose of proposing contextual 
clustering method is to improve segmentation of 
fMRI images. The supervised contextual clustering 
extracts features from the fMRI slice that represents 
information in a given window. The algorithm 
involves least computation in the segmentation of 
fMRI slice. The advantages of CC segmentation is 
that this method uses neighboring information and 
assured segmentation of minimum one object of fmri 
image is possible. 
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ABSTRACT-Identifying moving objects from a 

video sequence is a fundamental and critical task in 
many computer-vision applications. A common 
approach is to perform background subtraction, which 
identifies moving objects from the portion of a video 
frame that differs significantly from a background 
model. In this work, a new moving object-tracking 
method is proposed. The moving object is recorded in 
video. The segmentation of the video is done. Two 
important properties are used to process the features of 
the segmented image for highlighting the presence of 
the human. An artificial neural network with 
supervised back propagation algorithm learns and 
provides a better estimate of the movement of the 
human in the video frame. A multi target human 
tracking is attempted.  

Keywords- Back propagation algorithm (BPA), 
Human tracking, and Video segmentation 

I. INTRODUCTION 

Visual surveillance has become one of the most 
active research areas in computer vision, especially 
due to security purposes. Visual surveillance is a 
general framework that groups a number of different 
computer vision tasks aiming to detect, track, and 
classify objects of interests from image sequences, 
and on the next level to understand and describe these 
objects behaviors. Haritaoglu, et al, 2000, has stated 
that tracking people using surveillance equipment has 
increasingly become a vital tool for many purposes. 
Among these are the improvement of security and 
making smarter decisions about logistics and 
operations of businesses. Automating this process is 
an ongoing thrust of research in the computer vision 
community. 

Video surveillance systems have long been in use 
to monitor security sensitive areas. Moving object 
detection is the basic step for further analysis of 

video. It handles segmentation of moving objects 
from stationary background objects. Commonly used 
techniques for object detection are background 
subtraction, statistical models, temporal differencing 
and optical flow. The next step in the video analysis 
is tracking, which can be defined as the creation of 
temporal correspondence among detected objects 
from frame to frame. The output produced by 
tracking is used to support and enhance motion 
segmentation, object classification and higher level 
activity analysis. People tracking is the process of 
locating a moving people (or many persons) over 
time using a camera? Tracking people in a video 
sequence is to determinate the position of the center 
of gravity and trace the trajectory, or to extract any 
other relevant information. 

 

II. RELATED WORKS 

Beaugendre, et al, 2010 presented efficient and 
robust object tracking algorithm based on particle 
filter. The aim is to deal with noisy and bad 
resolution video surveillance cameras. The main 
feature used in this method is multi-candidate object 
detection results based on a background subtraction 
algorithm combined with color and interaction 
features. This algorithm only needs a small number 
of particles to be accurate. Experimental results 
demonstrate the efficiency of the algorithm for single 
and multiple object tracking. 

Image segmentation’s goal is to identify 
homogeneous region in images as distinct from 
background and belonging to different objects. A 
common approach is to classify pixel on the basis of 
local features (color, position, texture), and then 
group them together according to their class in order 
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to identify different objects in the scene. For the 
specific problem of finding moving objects from 
static cameras, the traditional segmentation approach 
is to separate pixels into two classes: background and 
foreground. This is called Background Subtraction 
[Dengsheng Zhang and Guojun Lu, 2001] and 
constitutes an active research domain. The output of 
most background segmentation techniques consists of 
a bitmap image, where values of 0 and 1 correspond 
to background and foreground, respectively. Having 
such a bitmap, the next processing step consists of 
merging foreground pixels to form bigger groups 
corresponding to candidate objects; this process is 
known as object extraction. One common procedure 
to perform object extraction consists of finding 4 or 
8-connected components. This is done using efficient 
algorithms whose time complexity is linear with 
respect to the number of pixels in the bitmap. Some 
of the features used while detecting the moving 
object such as intensity, color, shape of the region 
texture, motion in video, display in stereo image, 
depth in the range Camera temperature in Far 
infrared, mixture relation between region and stereo 
disparity. Input video to detect moving object. By 
using RGB2GRAY predefine function convert 
colorful video into gray color. The model can be used 
to detect a moving object in a video. The method 
generate motion image from consecutive pair of 
frame. Object is detected in video frames and motion 
images. From local windows, a neighborhood pixel 
around background and extract features is formed. 
Features and background are used to construct and 
maintain a model, stored in a memory of a computer 
system. 

Hu et al, 2006m proposed a simple and robust 
method, based on principal axes of people, to match 
people across multiple cameras. The correspondence 
likelihood reflecting the similarity of pairs of 
principal axes of people is constructed according to 
the relationship between "ground-points" of people 
detected in each camera view and the intersections of 
principal axes detected in different camera views and 
transformed to the same view. The method has the 
following desirable properties; 1) camera calibration 
is not needed; 2) accurate motion detection and 
segmentation are less critical due to the robustness of 
the principal axis-based feature to noise; 3) based on 
the fused data derived from correspondence results, 
positions of people in each camera view can be 
accurately located even when the people are partially 
occluded in all views. The experimental results on 
several real video sequences from outdoor 
environments have demonstrated the effectiveness, 
efficiency, and robustness of their method. 

Siebel and Stephen, 2002, showed how the output 
of a number of detection and tracking algorithms can 
be fused to achieve robust tracking of people in an 
indoor environment. The new tracking system 

contains three co-operating parts: i) an Active Shape 
Tracker using a PCA-generated model of pedestrian 
outline shapes, ii) a Region Tracker, featuring region 
splitting and merging for multiple hypothesis 
matching, and iii) a Head Detector to aid in the 
initialization of tracks. Data from the three parts are 
fused together to select the best tracking hypotheses. 
The new method is validated using sequences from 
surveillance cameras in an underground station. It is 
demonstrated that robust real-time tracking of people 
can be achieved with the new tracking system using 
standard PC hardware 

Martin Spengler and BerntSchiele, 2003, 
approach is based on the principles of self-
organization of the integration mechanism and self-
adaptation of the cue models during tracking. 
Experiments show that the robustness of simple 
models is leveraged significantly by sensor and 
model integration. 

Tian Hampapur, 2005, proposed a new real-time 
algorithm to detect salient motion in complex 
environments by combining temporal difference 
imaging and a temporal filtered motion field. They 
assumed that the object with salient motion moves in 
a consistent direction for a period of time. Compared 
to background subtraction methods, their method 
does not need to learn the background model from 
hundreds of images and can handle quick image 
variations; e.g., a light being turned on or off. The 
effectiveness of the proposed algorithm to robust 
detect salient motion is demonstrated for a variety of 
real environments with distracting motions.  

Zhao and Nevatia, 2004, showed how multiple 
human objects are segmented and their global 
motions are tracked in 3D using ellipsoid human 
shape models. Experiments showed a small number 
of people move together, have occlusion, and cast 
shadow or reflection. They estimated the modes e.g., 
walking, running, standing of the locomotion and 3D 
body postures by making inference in a prior 
locomotion model.  

Zhuang, et al, 2006, presented a novel approach 
for visually tracking a colored target in a noisy and 
dynamic environment using weighted color 
histogram based particle filter algorithm. In order to 
make the tracking task robustly and effectively, color 
histogram based target model is integrated into 
particle filter algorithm, which considers the target's 
shape as a necessary factor in target model. 
Bhattacharyya distance is used to weigh samples in 
the particle filter by comparing each sample's 
histogram with a specified target model and it makes 
the measurement matching and samples' weight 
updating more reasonable. The method is capable of 
successfully tracking moving targets in different 
indoor environment without initial positions 
information. 
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III. MATERIALS AND 
METHODOLOGY 

A. BACK-PROPAGATION ALGORITHM 
(BPA) 

The BPA uses the steepest-descent method to 
reach a global minimum. The number of layers and 
number of nodes in the hidden layers are decided. 
The connections between nodes are initialized with 
random weights. A pattern from the training set is 
presented in the input layer of the network and the 
error at the output layer is calculated. The error is 
propagated backwards towards the input layer and the 
weights are updated. This procedure is repeated for 
all the training patterns. At the end of each iteration, 
test patterns are presented to ANN, and the 
classification performance of ANN is evaluated. 
Further training of ANN is continued till the desired 
classification performance is reached. 

STEPS INVOLVED. 

FORWARD PROPAGATION 

The weights and thresholds of the network are 
initialized. 

The inputs and outputs of a pattern are presented to 
the network. 

The output of each node in the successive layers is 
calculated. 

o(output of a node)  =  1/(1+exp(-∑wij xi + Θ)) 

The error of a pattern is calculated 

E(p) = (1/2) ∑(d(p) – o(p))2 

REVERSE PROPAGATION 

The error for the nodes in the output layer is 
calculated 

δ(output layer) = o(1-o)(d-o) 

The weights between output layer and hidden layer are 
updated 

W(n+1) = W(n) + ηδ(output layer) o(hidden layer) 

The error for the nodes in the hidden layer is 
calculated 

δ(hidden layer) = o(1-o) ∑δ(output layer) W(updated weights 

between hidden and output layer) 

The weights between hidden and input layer are 
updated. 

W(n+1) = W(n) + ηδ(hidden layer) o(input layer) 

The above steps complete one weight updation 

Second pattern is presented and the above steps are 
followed for the second weight updation. 

When all the training patterns are presented, a cycle of 
iteration or epoch is completed. 

The errors of all the training patterns are calculated 
and displayed on the monitor as the mean squared error 
(MSE). 

E(MSE) = ∑ E(p) 

 

IV. RESULTS AND DISCUSSION 

Identifying all three persons in each frame 

 
Fig 1 Frame 1 -Original, segmented, video images 

 

Fig 2.Frame 2 Original, segmented video images 

 

Fig 3 Frame 3 Original, segmented video images 

In each frame, three persons are recorded. To 
segment the frames accurately so that humans are 
separated from the background irrespective of varied 
illumination. Figures 1 to 3 identify the different 
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persons in a frame and track the same persons in 
subsequent frames. Figure 4 presents the estimation 

by BPA. 

 

Fig.4 Implementation of back propagation neural network for 
tracking three persons in video frame 

An artificial neural network with supervised back 
propagation algorithm learns the input output 
scenarios and provides a better estimate of the 
movement of the human in the video frame. A multi 
target human tracking is attempted. 

V. CONCLUSION 

Video tracking is an important process in tracking 
humans. It involves various image processing 
concepts. In this work, the acquired video has been 
separated into frames and segmented. From the 
segmented frames, the humans are identified and 
compared with template. Based on the comparisons, 
the human is tracked. 
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Abstract — Price movements of stock market are not 

totally random. In fact, what drives the financial market 

and what pattern financial time series follows have long 

been the interest that attracts economists, mathematicians 

and most recently computer scientists [17]. This paper 

gives an idea about the trend analysis of stock market 

behaviour using Hidden Markov Model (HMM). The 

trend once followed over a particular period will sure 

repeat in future. The one day difference in close value of 

stocks for a certain period is found and its corresponding 

steady state probability distribution values are 

determined. The pattern of the stock market behaviour is 

then decided based on these probability values for a 

particular time. The goal is to figure out the hidden state 

sequence given the observation sequence so that the trend 

can be analyzed using the steady state probability 

distribution(π ) values. Six optimal hidden state 

sequences are generated and compared. The one day 

difference in close value when considered is found to give 

the best optimum state sequence. 

        

       Keywords-Hidden Markov Model; Stock market trend; 

Transition Probability Matrix; Emission Probability 

Matrix; Steady State Probability distribution 

 

I. INTRODUCTION 

     “A growing economy consists of prices falling, not 

rising”, says Kel Kelly[9]. Stock prices change every day 

as a result of market forces. There is a change in share 

price because of supply and demand. According to the 

supply and demand, the stock price either moves up or 

undergoes a fall. Stock markets normally reflect the 

business cycle of the economy: when the economy grows, 

the stock market typically reflects this economic growth in 

an upward trend in prices. In contrast, when the economy 

slows, stock prices tend to be more mixed. Markets may 

take time to form bottoms or make tops, sometimes of two 

years or more. This makes it difficult to determine when 

the market hits a top or a bottom[3]. The Stock Market 

patterns are non-linear in nature, hence it is difficult to 

forecast future trends of the market behaviour.  

          In this paper, a method has been developed to 

forecast the future trends of the stock market. The Latent 

or hidden states, which determine the behaviour of the 

stock value, are usually invisible to the investor. These 

hidden states are derived from the emitted symbols. The 

emission probability depends on the current state of the 

HMM. Probability and Hidden Markov Model give a way 

of dealing with uncertainty. Many intelligent tasks are 

sequence finding tasks, with a limited availability of 

information. This naturally involves hidden states or 

strategies for dealing with uncertainty. 

 

II. LITERATURE SURVEY 

           In Recent years, a variety of forecasting methods 

have been proposed and implemented for the stock market 

analysis. A brief study on the literature survey is presented. 

Markov Process is a stochastic process where the 

probability at one time is only conditioned on a finite 

history, being in a certain state at a certain time. Markov 

chain is “Given the present, the future is independent of the 

past”. HMM is a form of probabilistic finite state system 

where the actual states are not directly observable. They 

can only be estimated using observable symbols associated 

with the hidden states. At each time point, the HMM emits 

a symbol and changes a state with certain probability. 

HMM analyze and predict time series or time depending 

phenomena. There is not a one to one correspondence 

between the states and the observation symbols. Many 

states are mapped to one symbol and vice-versa. 

 

          Hidden Markov Model was first invented in speech 

recognition [12,13], but is widely applied to forecast stock 

market data.  Other statistical tools are also available to 

make forecasts on past time series data. Box–Jenkins[2] 

used Time series analysis for forecasting and control. 

White[5,18,19] used Neural Networks for stock market 

forecasting of IBM daily stock returns. Following this, 

various studies reported on the effectiveness of alternative 

learning algorithms and prediction methods using ANN. 

To forecast the daily close and morning open price,      

Henry [6] used ARIMA model. But all these conventional 

methods had problems when non linearity exists in time 

series. Chiang et al.[4]  have used ANN to forecast the 

end-of-year net asset value of mutual funds. Kim and    

Han [10] found that the complex dimensionality and buried  
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noise of the stock market data makes it difficult to re- 

estimate the ANN parameters. Romahi and Shen [14] also 

found that ANN occasionally suffers from over fitting 

problem. They developed an evolving rule based expert 

system and obtained a method which is used to forecast 

financial market behaviour. There were also hybridization 

models effectively used to forecast financial behaviour. 

The drawback was requirement of expert knowledge. To 

overcome all these problems Hassan and Nath [15] used 

HMM for a better optimization. Hassan et al. [16] 

proposed a fusion model of HMM, ANN and GA for stock 

Market forecasting. In continuation of this, Hassan [7] 

combined HMM and fuzzy logic rules to improve the 

prediction accuracy on non-stationary stock data sets. Jyoti 

Badge[8] used technical indicators as an input variable 

instead of stock prices for analysis. Aditya Gupta and 

Bhuwan Dhingra[1] considered  the fractional change in 

Stock value and the intra-day high and low values of the 

stock to train the continuous HMM. In the earlier studies, 

much research work had been carried out using various 

techniques and algorithms for training the model for 

forecasting or predicting the next day close value of the 

stock market, for which randomly generated Transition 

Probability Matrix (TPM), Emission Probability Matrix 

(EPM) and prior probability matrix have been considered.  

 
           In this paper, the trend analysis of the stock market 

is found using Hidden Markov Model by considering the 

one day difference in close value for a particular period. 

For a given observation sequence, the hidden sequence of 

states and their corresponding probability values are found. 

The probability values of π  gives the trend percentage of 

the stock prices. Decision makers make decisions in case 

of uncertainty. The proposed approach gives a platform for 

decision makers to make decisions on the basis of the 

percentage of probability values obtained from the steady 

state probability distribution. 
 

 

III.      RESEARCH SET UP 

  

A. Basics of HMM 

HMM is a stochastic model where the system is assumed 

to be a Markov Process with hidden states. HMM gives 

better accuracy than other models. Using the given input 

values, the parameters of the HMM ( λ) denoted by A, B 

and  π  are found out. 

 

 

Hidden Sequence                                                                                                                 

 

   

  

  Observation Sequence 

Fig 1.  Trellis  Diagram 

 

HMM consists of 

       A set of hidden or latent states (S) 

       A set of possible output symbols (O) 

       A state transition probability matrix (A) 

� probability of making transition from one state to each 

of the other states 

       Observation emission probability matrix (B) 

� probability of  emitting/observing a symbol at a 

particular state 

       Prior probability matrix (π ) 

� probability of starting at a particular state 

An HMM is defined as  λ=(S, O, A, B, π ) where 

S={s1,s2,…,sN} is a set of N possible states 

O={o1,o2,…,oM} is a set of M possible observation 

symbols  

A is an NxN state Transition Probability Matrix 

(TPM)   

B is an NxM observation or Emission Probability 

Matrix (EPM) 

π  is an N dimensional initial state probability 

distribution vector 

and A, B and π should satisfy the following 

conditions:  

 

o1 o2 ..... oM 

s1 s2 ..... sN 
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∑
=

N

i

i

1

π = 1    where   iπ  ≥ 0               

The main problems of HMM are: Evaluation, Decoding, 

and Learning.  

Evaluation problem  

Given the HMM },,{ πλ BA=  and the observation 

sequence O=o1 o2 ... oM , the probability that model λ  has 

generated sequence O is calculated. 

Often this problem is solved by the Forward Backward 

Algorithm (Rabiner, 1989) (Rabiner, 1993). 

Decoding problem 

Given the HMM },,{ πλ BA=  and the observation 

sequence O=o1 o2 ... oM, calculate the most likely sequence 

of hidden states that produced this observation sequence O. 

Usually this problem is handled by Viterbi Algorithm 

(Rabiner,1989) (Rabiner,1993). 

Learning problem  

Given some training observation sequences O=o1 o2 ... oM 

and general structure of HMM (numbers of hidden and 

visible states), determine HMM parameters 

},,{ πλ BA= that best fit training data.   

The most common solution for this problem is Baum-

Welch algorithm (Rabiner,1989) (Rabiner,1993) which is 

considered as the traditional method for training HMM. 

In this paper, IBM daily close value data for a month 

period is considered.  

Two observing symbols    “ I ”    and    “ D ” have been 

used: 

 “I indicates  Increasing” , “ D indicates Decreasing ”.  

If Today’s close value – Yesterday’s close value > 0, then 

observing symbol is I 

If Today’s close value – Yesterday’s close value < 0 then 

observing symbol is D 

There are six hidden states assumed and are denoted by the 

symbol 

S1, S2 ,  S3 ,  S4,  S5,  S6   

where  

             S1   indicates   “very low”; 

             S2   indicates   “low”;  

             S3   indicates   “moderate low” 

             S4   indicates   “moderate high”;  

             S5   indicates   “high”;  

             S6   indicates   “very high”.    

          

The States are not directly observable. The situations of the 

stock market are considered hidden. Given a sequence of 

observation we can find the hidden state sequence that 

produced those observations. 

    

B.  Database  

The complete set of data for the proposed study has been 

taken from yahoofinance.com. The Table 1 given below 

shows the daily close value of the stock market: 

 

 

Table I.  Daily close value for finding differences in 

one day, two days, three days, four days, 

five days, six days close value 

 

1 77.91

2 77.39 -0.52 D

3 76.5 -0.89 D -1.41 D

4 75.86 -0.64 D -1.53 D -2.05 D

5 77.45 1.59 I 0.95 I 0.06 I -0.46 D

6 79.33 1.88 I 3.47 I 2.83 I 1.94 I 1.42 I

7 79.51 0.18 I 2.06 I 3.65 I 3.01 I 2.12 I 1.6 I

8 79.15 -0.36 D -0.18 D 1.7 I 3.29 I 2.65 I 1.76 I

9 79.95 0.8 I 0.44 I 0.62 I 2.5 I 4.09 I 3.45 I

10 78.56 -1.39 D -0.59 D -0.95 D -0.77 D 1.11 I 2.7 I

11 79.07 0.51 I -0.88 D -0.08 D -0.44 D -0.26 D 1.62 I

12 77.4 -1.67 D -1.16 D -2.55 D -1.75 D -2.11 D -1.93 D

13 77.28 -0.12 D -1.79 D -1.28 D -2.67 D -1.87 D -2.23 D

14 77.95 0.67 I 0.55 I -1.12 D -0.61 D -2 D -1.2 D

15 77.33 -0.62 D 0.05 I -0.07 D -1.74 D -1.23 D -2.62 D

16 76.7 -0.63 D -1.25 D -0.58 D -0.7 D -2.37 D -1.86 D

17 77.73 1.03 I 0.4 I -0.22 D 0.45 I 0.33 I -1.34 D

18 77.07 -0.66 D 0.37 I -0.26 D -0.88 D -0.21 D -0.33 D

19 77.9 0.83 I 0.17 I 1.2 I 0.57 I -0.05 D 0.62 I

20 75.7 -2.2 D -1.37 D -2.03 D -1 D -1.63 D -2.25 D

O.SD.in.3 

days 

CV

O.S D.in4 

days 

CV

O.S D.in. 5 

days 

CV

O.S D.in. 6 

days 

CV

O.SS.NO C.V D.in. 1 

day CV

O.S D.in. 2 

days 

CV

 

 

C.V – Close value        ;   O.S – Observing symbol 

 

D.in.1 day CV   - difference in 1 day close value;  

D.in.2 days CV - difference in 2 days close value; 

D.in.3 days CV - difference in 3 days close value;   

D.in.4 days CV - difference in 4 days close value; 

D.in.5 days CV - difference in 5 days close value;                              

D.in.6 days CV - difference in 6 days  close value 
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IV. CALCULATION 

The various probability values of TPM, EPM and π  for 

difference in one day, two days, three days, four days, five 

days, six days close value close value are calculated as 

given below. 

A.    Probability values of TPM, EPM and π for            

difference in one day close value: 
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Table II.    Transition table with probability values 

for difference in one day close value 

TRANSITION 

OF STATES 

WITH 

OBSERVING 

SYMBOLS 

S1 S2 S3 S4 S5 S6 

I D I D I D I D I D I D 

S1 0 0 0 0 0 1 0 0 0 0 0 0 

S2 0 0 0 0 0 0.5 0.5 0 0 0 0 0 

S3 0 0 0 0.1429 0 0.1429 0 0 0.5714 0 0.1429 0 

S4 0 0.5 0 0 0 0.5 0 0 0 0 0 0 

S5 0 0.25 0 0.25 0 0.5 0 0 0 0 0 0 

S6 0 0 0 0 0 0 0 0 0 0 1 0 

          

B.   Probability values of TPM, EPM and π for 

difference in two days close value: 

S1       S2        S3      S4    S5  S6 
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Table  III. Transition table with probability values 

for difference in two days close values 

TRANSITION 

OF STATES 

WITH 

OBSERVING 

SYMBOLS 

S1 S2 S3 S4 S5 S6 

I D I D I D I D I D I D 

S1 0 0.4 0 0 0.4 0 0.2 0 0 0 0 0 

S2 0 0.33 0 0.33 0.33 0 0 0 0 0 0 0 

S3 0 0.33 0 0.167 0.5 0 0 0 0 0 0 0 

S4 0 0 0 0 0 0 0 0 0 0 1 0 

S5 0 0 0 1 0 0 0 0 0 0 0 0 

S6 0 0 0 0 0 0 0 0 0 1 0 0 

 

C.   Probability values of TPM, EPM and π  for 

difference in three days close value: 

           S1       S2       S3      S4   S5       S6                                                                 
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Table  1V.   Transition table with probability values 

for difference in three days close values 

 

TRANSITION 

OF STATES 

WITH 

OBSERVING 

SYMBOLS 

S1 S2 S3 S4 S5 S6 

I D I D I D I D I D I D 

S1 0 0 0 0.5 0.5 0 0 0 0 0 0 0 

S2 0 0 0 0.25 0 0.75 0 0 0 0 0 0 

S3 0 0.2 0 0.2 0 0.2 0.2 0 0 0 0.2 0 

S4 0 0.5 0 0.5 0 0 0 0 0 0 0 0 

S5 0 0 0 0 0 0 1 0 0 0 0 0 

S6 0 0 0 0 0 0 0 0 0.5 0 0.5 0 

 

D.  Probability values of TPM, EPM and π for 

difference in  four days close value: 

    

           S1        S2        S3          S4         S5        S6                                                               
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Steady state probability distribution 

 

Table  V.    Transition table with probability values      

for difference in four days close values 
TRANSITION 

OF STATES 
WITH 

OBSERVING 

SYMBOLS 

S1 S2 S3 S4 S5 S6 

I D I D I D I D I D I D 

S1 0 0.33 0 0.33 0 0.33 0 0 0 0 0 0 

S2 0 0 0 0 0 0.33 0.67 0 0 0 0 0 

S3 0 0.67 0 0 0 0 0 0 0.33 0 0 0 

S4 0 0 0 1 0 0 0 0 0 0 0 0 

S5 0 0 0 0 0 0 0 0 0 0 1 0 

S6 0 0 0 0.33 0 0 0 0 0 0 0.67 0 

 

E.   Probability values of TPM, EPM and π for 

difference in five days close value: 

 S1          S2          S3       S4     S5        S6 
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Table  VI.    Transition table with probability values 

for difference in five days close values 

TRANSITION 

OF STATES 

WITH 

OBSERVING 

SYMBOLS 

S1 S2 S3 S4 S5 S6 

I D I D I D I D I D I D 

S1 0.5 0 0 0.25 0.25 0 0 0 0 0 0 0 

S2 0 1 0 0 0 0 0 0 0 0 0 0 

S3 0 0.33 0 0 0 0.67 0 0 0 0 0 0 

S4 0 0 0 0.5 0 0 0 0 0.5 0 0 0 

S5 0 0 0 0 0 0 0 0 0.5 0 0.5 0 

S6 0 0 0 0 0 0 1 0 0 0 0 0 

 

F.   Probability values of TPM, EPM and π for 

difference in six days close value: 

 S1       S2       S3     S4      S5       S6 



























5.05.00000

33.033.000033.0

000001

001000

0005.005.0

00005.05.0

6

5

4

3

2

1

S

S

S

S

S

S

 

Fig  12.   TPM 

                                            I         D 

                              
6

5

4

3

2

1

S

S

S

S

S

S

 



























01

33.067.0

10

01

10

10

            

Fig  13.  EPM 

                                                                                                                 

Steady state probability distribution 

 

(IJCSIS) International Journal of Computer Science and Information Security, 
Vol. 11, No. 10, October 2013

108 http://sites.google.com/site/ijcsis/ 
ISSN 1947-5500 



Table VII. Transition table with probability values 

for difference in six days close values 

TRANSITION 

OF STATES 

WITH 

OBSERVING 

SYMBOLS 

S1 S2 S3 S4 S5 S6 

I D I D I D I D I D I D 

S1 0 0.5 0 0.5 0 0 0 0 0 0 0 0 

S2 0 0.5 0 0 0 0.5 0 0 0 0 0 0 

S3 0 0 0 0 0 0 1 0 0 0 0 0 

S4 0 1 0 0 0 0 0 0 0 0 0 0 

S5 0 0.33 0 0 0 0 0 0 0.33 0 0.33 0 

S6 0 0 0 0 0 0 0 0 0.5 0 0.5 0 

 

The MATLAB function “Hmmgenerate” is used to 

generate a random sequence of emission symbols and 

states. The length of both sequence and states to be 

generated is denoted by L. 

The HMM matlab toolbox  syntax is : 

[Sequence, States] = Hmmgenerate ( L , TPM, EPM) , see 

[11] 

For instance, 

If  the Input is given as, 

TPM = [0 0 1 0 0 0; 0 0 0.5 0.5 0 0; 0 0.143 0.143 0 0.571 

0.143; 0.5 0 0.5 0 0 0; 0.25 0.25 0.5 0 0 0; 0 0 0 0.5 0 0.5]; 

 EPM = [0 1;0.5 0.5; 0.71 0.29;0 1;0 1;1 0]; 

[sequence,states] = hmmgenerate(7, TPM, EPM) 

'Sequence Symbols',{'I','D'},... 
    'Statenames',{'very 

low';'low';'moderate low';'moderate 

high';'high';'very high'} 

 

Then the Output of few randomly generated sequences and 

states is given below: 

Sequence:     ε    →    I   →    D   →    D   →      I  →      I  →      I   →      I 

states       :                   S3              S2                S3               S6                S6              S6               S6 

sequence :     ε   →    D   →     I   →     D  →     D  →     I   →      I   →     I 

states       :                   S3               S3               S5                S1               S3               S2                 S3  

where  ‘ε  ‘    denotes the start symbol .
 

The fitness function used for finding the fitness 

value of sequence of states is defined by 

Fitness   = 

∑ ),(

1

jicompare

 

 

V.   DISCUSSION 

 

Using the Iterative procedure, for each TPM and EPM 

framed we get an optimum sequence of states generated. 

The length of the sequence generated is taken as L=7, for 

instance. 

The optimum sequence of states obtained from the one day 

difference TPM and EPM is  

1. ε    �          D        �           I        �          D        �            I         �            D         �     I  

          S1                     S3                     S5                     S3                     S5                        S3           S5 

Similarly ,we get 5 more such optimum sequences of states 

for 2 day difference , 3 day difference, 4 day difference,    

5 day difference, 6 day difference TPM and EPM 

respectively as follows: 

2. ε        �       I       �           D       �          D        �            I         �              D         �             D 

                 S1                  S3                    S1                     S1                         S3                        S1                    S1 

3. ε        �           D        �           D        �          I       �           D         �           I        �             I  

                 S1                      S2                       S3                      S4                  S1                     S3                 S4 

4. ε       �           D        �           I        �          D        �            I         �              D         �        D  

                 S1                      S2                     S4                     S2                     S4                        S2                   S3 

5. ε        �           D        �           D       �          I        �            I         �              D         �       D 

                 S1                      S2                    S1                     S1                    S1                         S2                    S1 

6. ε       �           D        �           D        �          I        �           D         �              D         �       D 

                 S1                      S2                     S3                   S4                         S1                          S2              S3 

 

Using the fitness function we compute the fitness value for 

each of the optimum sequence of states obtained.     
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Table VIII.   Comparison of Six Optimum State 

Sequences 

S.No. 
Comparison of 6 optimum 

sequence of states 

Calculated 

value 

Fitness   = 

∑ ),(

1

jicompare

 

 

1. (1,2) + (1,3) + (1,4) + (1,5) + (1,6) 1 1 

2. (2,1) + (2,3) + (2,4) + (2,5) + (2,6) 

 

1.29 

 

0.76            

3. (3,1) + (3,2) + (3,4) + (3,5) + (3,6) 

 

1.86 

 

0.54 

4. (4,1) + (4,2) + (4,3) + (4,5) + (4,6) 1.43 
0.70 

 

5. (5,1) + (5,2) + (5,3) + (5,4) + (5,6) 2.14 0.47 

6. (6,1) + (6,2) + (6,3) + (6,4) + (6,5) 2.14 0.47 

 

VI.  CONCLUSION 

In this paper, results are presented using Hidden Markov 

Model to find the trend of the stock market behavior. The 

highest is the fitness value, the better is the performance of 

the particular sequence. One day difference in close value 

when considered is found to give the best optimum 

sequence. It is observed that at any point of time over 

years, if the stock market behaviour pattern is the same 

then we can observe the same steady state probability 

values as obtained in one day difference of close value, 

which clearly determines the behavioural pattern of the 

stock market. 
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Abstract- Among the various features of amino 

acids, the hydrophobic property has most visible 

impact on stability of a sequence folding. This is 

mentioned in many protein folding related work, 

in this paper we more elaborately discuss the 

computational impact of the well defined 

‘hydrophobic aspect in determining stability’,  

approach  with the help of a developed ‘free 

energy computing algorithm’ covering various 

aspects - preprocessing of an amino acid sequence, 

generating the folding and calculating free energy. 

Later discussing its use in protein structure 

related research work.  

Keywords- amino acids, hydrophobicity, free 

energy, protein stability. 

 

I. INTRODUCTION 

Since the earliest of proteomics researches, it has 

been clear that the positioning and properties of 

amino acids are key to structural analysis [1]. 

According to Betts et.al. in the protein environment a 

feature of key importance is cellular location. 

Different parts of cells have very different chemical 

environments with the consequence that many amino 

acids behave differently. The biggest difference as 

mentioned by Betts et.al. is between soluble proteins 

and membrane proteins. The soluble proteins tend to 

be surrounded by water molecules i.e have polar or 

hydrophilic residues on their surface whereas 

membrane proteins are surrounded by lipids i.e they 

tend to have hydrophobic residues on the surface that 

interact with the membrane. Further the soluble  

 

proteins are categorized as extracellular and 

intracellular. So basically through the various studies 

[2] could conclude that the core of protein contains 

hydrophobic amino acids forming certain bonds and 

thus structures.  the stability of the structures is 

determined by the free energy change , as mentioned 

by Zhang et. al [3] i.e. 

 ΔG(folding)=G(folded)-G(unfolded) [3] 

 Later in this paper various aspects of folding and 

stability are discussed in detail. 

 

II. BACKGROUND 

 

A. Features 

Shaolei Teng et.al.[4]  mentioned twenty amino acid 

features which they used to code each amino acid 

residue in a data instance. They obtained these 

features from Protscale 

(http://expasy.org/tools/protscale.html) [5] and 

AAindex (http://www.genome.jp/aaindex/) [6]. They 

further mentioned these features into four categories - 

Biochemical features – includes M, molecular 

weight, this is related to volume of space that a 

residue occupies in protein structure. K, side chain 

pka value, which is related to the ionization state of a 

residue and thus plays a key role in pH dependent 

protein stability. H, hydrophobicity index, which is 

important for amino acid side chain packing and 

protein folding. The hydrophobic interactions make 

non-polar side chains to pack together inside proteins 
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and disruption of these interactions may cause protein 

destabilization. P, polarity, which is the dipole-dipole 

intermolecular interactions between the positively 

and negatively charged residues. Co, overall amino 

acid composition, which is related to the evolution 

and stability of small proteins.  

Structural features- this includes A, alpha-helix. B, 

beta-sheet. C, coil. Aa, average area buried on 

transfer from standard state to folded protein. Bu, 

bulkiness, the ratio of the side chain volume to the 

length of the amino acid. 

Empirical Features- this includes, S1, protein stability 

scale based on atom atom potential of mean force 

based on Distance Scaled Finite Ideal-gas Reference 

(DFIRE). S2, relative protein stability scale derived 

from mutation experiments. S3, side-chain 

contribution to protein stability  based on data from 

protein denaturation experiments. 

Other biological features- F, average flexibility 

index. Mc, mobility of an amino acid on 

chromatography paper. No, number of codons for an 

amino acid. R, refractivity, protein density and 

folding characteristics. Rf, recognition factor, 

average of stabilization energy for an amino acid. 

Rm, relative mutability of an amino acid. Relative 

mutability indicates the probability that a given 

amino acid can be changed to others during 

evolution. Tt, transmembrane tendency scale. F, 

average flexibility index of an amino acid derived 

from structures of globular proteins. 

B. Protein folding  

Protein folding has been considered as one of the 

most important process in biology. under the various 

physical and chemical conditions the protein 

sequences fold forming bonds , when these 

conditions are favourable the folding leads to proper 

biological functionality. But some conditions could 

lead to denaturation of the structures thus giving 

unfolded structures. protein denaturants could be [7] 

–  

 High temperatures, can cause protein 

unfolding, aggregation. 

 Low temperatures, some proteins are 

sensitive to cold denaturation. 

 Heavy metals(e.g. lead, cadmium etc), 

highly toxic, efficiently induce the „stress 

response‟. 

 Proteotoxic agents(e.g. alcoholc, cross-

linking agents etc.) 

 Oxygen radicals, ionizing radiation- can 

cause permanent protein damage. 

 Chaotropes (urea, guandine hydrochloride 

etc.), highly potent at denaturing proteins, 

often used in protein folding studies. 

   Protein folding considers the question of 

how the process of protein folding occurs, 

i.e how the unfolded protein adopts the 

native state. Very often this problem has 

been described as the second half of the 

genetic code. Studies till date conclude the 

following steps as the solution for this 

problem [8] – 

 3D structure prediction from primary 

sequence. 

 Avoiding misfolding related to human 

diseases. 

 Designing proteins with novel functions. 

 

C. Factors affecting protein stability 

  

Protein stability is the net balance of forces 

which determine whether a protein will be in 

its native folded conformation or a 

denatured state. Negative enthalpy change 

and positive entropy change give negative 

i.e. stabilizing, contributions to the free 

energy of protein folding, i.e. the lower the 

∆G, the more stable the protein structure is 

[7]. Any situation that minimizes the area of 

contact between H₂O and non-polar, i.e 

hydrocarbon, regions of the protein results 

in an increase in entropy [9]. 

 

∆G = ∆H - T∆S 

 

 Following are the factors affecting protein 

stability [8]: 

 pH : proteins are most stable in the vicinity 

of their isoelectric point, pI. In general, with 

some exceptions, electrostatic interactions 

are believed to contribute to a small amount 

of the stability of the native state. 
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 Ligand binding: binding ligands like 

inhibitors to enzymes, increases the stability 

of the protein. 

 Disulphide bonds: it has been observed that 

many extracellular proteins contained 

disulphide bonds, whereas intracellular 

proteins usually did not exhibit disulphide 

bonds. Disulphide bonds are believed to 

increase the stability of the native state by 

decreasing the conformational entropy of the 

unfolded state due to the conformational 

constraints imposed by cross linking (i.e 

decreasing the entropy of the unfolded 

state). 

 Dissimilar properties of residues: not all 

residues make equal contributions to protein 

stability. Infact, studies say that the interior 

ones, inaccessible to the solvent in the native 

state make a much greater contribution than 

those on the surface. 

 

 

III. EXPERIMENTAL PROCEDURE 

 

A. Approach  

As per the amino acid features mentioned previously, 

the hydrophobic property is  most responsible for the 

folding, as well as stability related issues. Hence in 

the algorithm mentioned later this property is taken 

as the key in preprocessing of the input sequence, i.e. 

the binary representation where „1‟ denotes the 

hydrophobic amino acids and others as „0‟, as per the 

hydrophobicity scales proposed by Kyle et. al [9]. 

Then using the complex plane the folding 

configurations are formed and their combinations 

denote various turns [10].  The cumulative sum of the 

configuration is calculated which gives the direction 

of each fold. Later the free energy of each folding is 

calculated using Euclidean distance between the 

hydrophobic amino acids i.e. all 1s and as per the 

study the folding having lower free energy value 

would be stable hence the stable structures could be 

obtained.  

B. Data 

The data in this case is a protein sequence loaded 

from protein data bank with pdb id 5CYT, heme 

protein, using Matlab 7. 

Pro= 

'XGDVAKGKKTFVQKCAQCHTVENGGKHKVG

PNLWGLFGRKTGQAEGYSYTDANKSKGIVWN

NDTLMEYLENPKKYIPGTKMIFAGIKKKGERQ

DLVAYLKSATS' 

C. Methods 

In brief the steps are as follows: 

1) Preprocessing of the input primary protein 

sequence using the hydrophobicity scale 

developed by Kyte & Doolittle [9], i.e. 

developing a vector with hydrophobic amino 

acids represented by 1 and hydrophilic by 0. 

2) Calculating the free energy of this initial 

sequence 

3) Now generating various foldings through 

iteration, using complex number „i‟. 

4) Calculating the free energy for all these 

foldings. 

5) Now further these free energy values could 

be used to check the stable structures. 

  

D. Algorithm 

Input – an amino acid sequence, Pro. 

Output- an array of free energy of each structure 

predicted, E. 

1) Preprocessing of the input protein sequence 

a) N ← length(Pro) 

b) bin ← Pro 

c) for idx ← 1:N 

d) if Pro(idx)= hydrophobic  

e) then bin(idx)← 1 

f) else bin(idx) ← 0 

g) end  

h) end 

2) folding formation  

a) conf ← ones(length(bin)-1,1) 

b) e ← Free_energy(conf) 

c) for k ← 2:length(conf) 

d) f(1:k) ← i 

e) f(k+1:end)←1 
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f) conf ← conf*f 

g) F(:,count) ← conf 

h) count = count+1 

i) end 

3) free energy of all the structures in F(m,n) 

a) for  j ← 1:n 

b) q ← F(:,j) 

c) p ← Cumulative_sum(q) 

d) E(j) ← Free_Energy(p) 

e) End 

4) Algorithm for Cumulative Sum 

Cumulative_sum (a) 

a) for x ← 1 : length(a) 

b) sum ← sum + a(x) 

c) end 

5) Algorithm for Free energy 

Free_Energy(a) 

a) a ← a * (bin with only 

hydrophobic elements) 

b) for  x ← 1 : length(a) 

c) d ← abs( a(x) –a(x+1)) 

d) sum ← sum + d 

e) end 

f) energy ← sum 

 

IV. Results 

The length of the sequence in this case was 104, 

hence as the algorithm total number of folding 

created is 103, each column of matrix F (fig. 1) 

shows a folding. And each row of array E (fig. 2) 

shows the free energy for each folding. Here the free 

energy of the unfolded structure is „e= 45194‟.     

 

V. Discussion and futurework 

The result from this approach provides the practical 

aspect of the impact of hydrophobicity on stability, 

the various outcomes could be used for further 

research or with some modifications could lead the 

ultimate solution. With the help of this method the 

folding could be generated at any structure level, 

these folding could be used for further research work 

like in machine learning or neural networks. The free 

energy calculated could be further used for clustering 

or classification purposes, thus could enhance the 

study of the stability factors. In the future work 

hydrophobicity could be coupled with any other 

amino acid feature.  
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Appendix 

 

 

Fig. 1,  F(103x103) , various folding of sequence pro. 

Fig. 2,  E(103x1), free energy of each folding. 
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Abstract— In this paper a survey on a relay based media access 
scheme has been proposed. It has been observed that any 
cooperative scheme gives better performance by availability of 
additional path using the concept of a relay nodes.  Relay based 
schemes more than one relay nodes are selected to improve the 
performance, so that if one fails the other can be used as a back. 
Such a co-operative scheme will enhance the performance of the 
network. 

 

Keywords: MAC, cooperation, Relay Performance, Newtwork. 
Scheme. 

1. INTRODUCTION 

With the advent of new wireless networking applications and 
wireless industries, our world has dramatically changed from 
large, low speed,  low output devices and applications  to 
high speed, high-performance  devices like mobile phones, 
laptops, navigators, cordless phones. Gaming consoles, etc. 
and applications. All this is made possible with the use of 
low-cost and high data rate IEEE 802.11 [20] based ad-hoc 
networks [10].IEEE 802.11 network support two different 
medium access control (MAC)[4] mechanisms. One is called 
distributed co-ordination function (DCF) [15] which helps 
the mobile nodes to spontaneously form an ad-hoc network. 
The other is called point coordinated function (PCF) [2] 
which is mostly used in infrastructure based network.  
1.2 Ad-hoc Network 
A wireless Ad-hoc network [8] is a decentralized type of 
network, and it does not rely on a pre-existing infrastructure, 
such as routers or access points. Each node itself acts as a 
router to take its decision to route or relay the data packets.  
1.3 Co-operative Network [3] 
A network in which the neighboring nodes located at the 
source, and the destination help in the data transmission from 
the source to the destination. These neighboring nodes may 
be high data rate nodes and may improve the transmission by 
reducing the delay and improving the throughput. 
1.4 Relay Node/Helper Node 
A relay node [4] is an intermediate node which is a neighbour 
or closer to both the source node and the destination node. 
And the function of the relay node is to implement co-

operation between the source and the destination to forward 
the data. 

2. LITERATURE  SURVEY  

The thinking about the concept of relays started in 2003 with 
rPCF (Relay Point Co-ordinated Function) [9]. If the direct 
link has  a low data rate and there exists a relay node such as 
that links from source to relay and  relay to a destination 
provides better data rate,  then transmission can proceed to 
use the relay node. Further same concept has been applied in 
Distributed Co-ordination Function (DCF) by introducing 
rDCF (Relay Distributed Co-ordination Function) [7]. A 
willing list is maintained by each neighboring node (Nr), and 
an entry (Ni to Nj) is added if the Nr finds that the 
transmission rate is improved if done via Nr. This willing list 
is periodically advertised. If Ni gets this willing list from Nr 
and finds its entry, then it adds it to its relay table. Another 
protocol named EMR (Efficient Multirate Relaying MAC) 
[5] works as a secondary protocol over primary network layer 
protocol which forms the main route and the main route is 
converted into multirole route by using EMR For the relay 
selection the effective throughput is calculated for various 
combinations of source relay and destination which is 
mapped to a priority value. S. Zou [1] has described RAMA 
protocol which also makes use of multihop high rate links, in 
the network. Once the source gets the invitation triggered by 
the relay node it adds the relay in its relay list. When a source 
has data to send to the destination it checks the relay list, and 
uses it for relaying the data. Another protocol called 
DAFMAC (Decode and Forward MAC) [2] uses distributed 
timers for the selection of relays, where each potential relay 
transmits only after its delay timer expires. If the relay node 
does not hear ACK after SIFS duration it sends data to the 
destination. Another timer based relay selection protocol is 
the CCBF [6] ,which uses a metric called EADV (expected 
advance). The node having positive value of EADV starts a 
timer. The node whose timer expires sends a CTS message, 
in response to the RTS sent by source. CoopMAC (Co-
operative MAC) protocol [3], [16] proposed by P. Liu, Z. 
Tao, S. Narayan uses RSSI(Received Signal Strength 
Information) for the relay selection , RSSI is also used  RM-
MAC (Relay multirate MAC) [10]. Here the path via relay 
node is chosen only if better data rate is achieved .But in 
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UtdMAC (University of Texas Dallas) [12] path via relay 
node is only kept as a backup in case direct transmission is 
failed. CODE protocol [13] uses simultaneous transmissions 
by multiple relays to achieve power gain. This protocol 
considers both the co-operative transmission using multiple 
relays along with network coding when the traffic is 
bidirectional. In RID (Relay with Integrated Data) [14] as 
well as ARC-MAC (Active Relay Based Co-operative MAC) 
[12] the high data rate relays which are used to assist 
transmissions also gain by helping. When the source 
transmits data to destination via relay, the relay encapsulates 
its data packet into the source data packet, and this new 
combined data packet is sent to the destination. In CORELA 
(Co-operative Relaying Enhanced Link Adaptation) [15] an 
enhanced link adaptation algorithm has been described. The 
protocol gives advantage of both the co-operative relaying 
and link adaptation. By co-operative relaying, reliability is 
enhanced and by link adaptation, the bandwidth efficiency is 
improved. In[19] described a co-operative MAC Protocol 
which makes use of two best relays on the basis of the data 
rate information sent by them in the RR (Relay Response) 
frame .The second relay is the backup relay. The two best 
relays are selected such that total transmission time through 
the first relay path plus the backup relay path is less than the 
direct transmission time between the source and destination.        
 

3.  Various MAC Techniques  
IEEE 802.11 provides physical layer multirate capability. 
This implies that the data can be transmitted at different rates 
depending upon the physical channel condition. When the 
signal to noise (SNR) ratio is high then high data rate is to be 
used to get the necessary bit error rate (BER)[1]. IEEE 802. 
11a supports data rates of 6,9,12 … 54 Mbps. Whereas IEEE 
802.11 b supports data rates of 1,2,5.5 and 11 Mbps. So, to 
utilize these capabilities different kinds of MAC mechanisms 
are needed. Some schemes use direct links for transmission 
as explained earlier, for example, ARF (Auto Rate Fallback) 
[18], RBAR (Receiver Based Auto Rate) [20] and the OAR 
(Opportunistic Auto Rate) [19]. However, they only use the 
direct link between the sender and the receiver. If the direct 
link is of poor channel quality, then they do not give higher 
performance in terms of throughput and delay. Hence co-
operative communication i.e. communication using relays or 
helper nodes, was introduced to get a higher throughput and 
thus improve the performance of the network. 
In the following sections, various co-operative MAC schemes 
have been explained. Some of these schemes use a single 
relay, and some of them use two relays. Relay may be used as 
a backup transmission path, or it may be used as a better path 
for the transmission. A detailed explanation of the different 
co-operative scheme is given below. 
3.1 AR-CMAC   (Active Relay Based Co-operative MAC) 
: 
 
3.2 DAFMAC (Decode and Forward MAC) : 
Decode and Forward MAC (DAFMAC) [11] is efficient co-
operative diversity partner selection algorithms for IEEE 

802.11. Most of the protocols assumes the availability of 
relays. But this protocol helps in efficient selection of relay 
for co-operation. Each node is associated with a timer t. The 
relay selection process uses distributed timers where each 
potential relay transmits only after its delay timer expires. 
The delay t allocated to each node is inversely proportional to 
the Received Signal Strength (RSS) .Best node has high RSS 
and less delay. If the relay node does not hear ACK after 
SIFS duration, it determines its t. If it hears any helper node 
co-operating within time interval T = SIFS+t, it goes to idle 
state. Else, the relay sends data to the destination. After 
hearing ACK from the Destination, the relay forwards ACK 
to the Source. Hence, the protocol improves transmission 
reliability for streaming media. 
3.3 CCBF (Co-operative contention-based forwarding): 
CCBF [17] is an improvement over the existing co-operative 
protocols known as CBF (cluster-based forwarding) [2] and     
CRL (Co-operation using relay and leapfrog) [8] by using 
CCBF, the scope of co-operation is extended and the 
forwarding opportunities provided by the available 
neighboring nodes is fully utilized. Protocol has two 
contention phases. First is the next hop selection, which is 
RTS/CTS based and the other is the co-operative forwarding. 
The protocol follows the usual IEEE 802.11 DCF protocol. In 
the contention process, a metric called EADV (expected 
advance) is calculated. The node having a positive value of 
EADV starts a timer. The node whose timer expires sends a 
CTS message. Overhearing the CTS other nodes to cancel 
their timers. On receiving the CTS, the sender sends the data 
to the next hop receiver. The protocol introduces the concept 
of the co-operative area within which the nodes contend to 
become the forwarders, after the sender transmits the data 
packet to the next hop receiver .Again the forwarder is 
selected on the basis of a metric. Results show that CCBF has 
improved latency, energy efficiency and improved routing 
performance. 
 
3.4 2rcMAC (Two Relay Co-operative MAC): 
The 2 relay co-operative MAC Protocol [9] makes use of two 
best relays or helper nodes, which would enhance throughput 
and reliability in data transmission between the source and 
the destination. These nodes are chosen from a set of relay 
nodes on the basis of the data rate information sent by them 
in the RR (Relay Response) frame. A relay node based on the 
source to relay and relay to destination estimation chooses 
the suitable rate slot and sends a single-bit feedback in a 
randomly picked bit interval location of the RR frame. The 
relay nodes after hearing the RTS and CTS frames respond to 
the source with their rate information, so that the source may 
select the two best relays according to its transmission 
requirements. The two best relays are selected such that total 
transmission time through the first relay path plus the backup 
relay path is less than the direct transmission time between 
the source and destination. Having a backup path in case of 
first relay path failure improves the reliability of the overall 
system. This protocol is explained further in the later sections 
as it forms the base of our research work. 
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3.5 RM-MAC (Relay multirate MAC): 
This protocol described [6] is a combination of two protocols, 
one named MASA[5] and the other is RBAR[16].A modified 
version of RBAR is used. This protocol also employs helper 
nodes to enhance the throughput of the network. Unlike 
RBAR, the rate information is not received in the CTS 
message; rather a neighbour node table is used to find the 
corresponding data rate. The protocol calls the helper nodes 
as assistant nodes, which record the signal strength of the 
packets sent from source to destination. The ratio of the two 
signal strengths is called back off value of the assistant node. 
When the data packet sent by the source is not correctly 
received by the destination node, then the assistant node 
closest to the source nodes and having least ratio is chosen to 
retransmits the data packet. After the back off value, the 
assistant node sends SACK packet to the source and SDATA 
to the destination. The destination on correctly receiving 
DATA replies to the assistant node with ACK message. If the 
DATA is not delivered then after fixed number of retrials a 
failure record is marked in the neighbour table. 
3.5 CORELA (Co-operative Relaying Enhanced Link 
Adaptation): 
An enhanced link adaptation algorithm called CORELA has 
been described in [10]. The protocol gives an advantage of 
both the co-operative relaying and link adaptation. By co-
operative relaying, reliability is improved and by link 
adaptation, the bandwidth efficiency is improved. This 
protocol is composed of two modules. One is the co-
operative relay module, and the other is the link adaptation 
module. The two modules are independent of each other, so 
the changes in one do not affect the other. For the co-
operative relay module, SIDF (Selection incremental decodes 
and forward) scheme, which is an improvement of a DF 
(Decode and Forward) scheme is used. And in the link 
adaptation module, a data rate is chosen, which is suitable for 
relay destination link condition. A number of counts such as 
transmission, success as well as failure count and relay 
transmission success and failure counts are maintained. These 
parameters are used to decide the switching of data rates, 
hence different transmission rates may be chosen in the direct 
channel and relay channel maximal channel efficiency. 
 

4. CONCLUSION   
In this work literature survey has been done related with 
MAC protocols. It has been observed that with relay node, 
performance improves. Wireless network is a compulsion of 
today life and due to dependency on it, in the journal every 
time it is tried to increases options for the network to enhance 
its working.   
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